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PREFACE 


This document is a final report being submitted to the Corps of 
Engineer's Waterways Experiment Station (WES) and Savannah District Office. 
This report supersedes the draft report of the same title dated 
December 1975. 

Editorial changes to the draft report include results of WES and 
HEC reviews and an independent review by Dr. Carl W. Chen, Tetra Tech. 
Other changes include deletion of chapters and appendices which docu¬ 
mented the computer program. The program has been recently documented 
in the 1977 WQRRS users manual. 

Chapter VI required significant change due to the development of 
more comprehensive computer software since 1975. The display of the 
temporal change of the water quality condition at a specific location 
is obtained from a recently developed HEC program. The remainder of 
the results must be considered preliminary as the programs required to 
manage the data for display in the format shown are presently under 
development and scheduled for completion by October 1978. While these 
results are preliminary and some change in the exact value of the results 
can be anticipated, no significant difference in the general conclusions 
should be expected. 

The general methodology documented in this report is intended to 
define methods of obtaining or estimating the data required for aquatic 
ecosystem computer programs, to demonstrate the interface of rainfall- 
runoff quantity and quality modeling with receiving water modeling, 
and to demonstrate the evaluation of the impact on river water quality 
due to planning alternatives regarding modified treatment levels on 
municipal-industrial effluents and on stormwater runoff. 


R.G. Willey 
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I. INTRODUCTION 


Backgroun d 

Since December 1972, the Corps of Engineers, Savannah District, has 
been conducting a water resources study in metropolitan Atlanta, Georgia. 

The study is a joint effort of the Corps, Atlanta Regional Commission, 
Georgia Environmental Protection Division, and U.S. Environmental Pro¬ 
tection Agency. 

One of the objectives of the Metropolitan Atlanta Water Resources 
Study is to develop regional alternatives for wastewater treatment and 
management in the 7-county area. In conjunction with this effort, broad 
regional alternatives for treatment of point wastewater sources were 
developed, including various size, number, and location of treatment 
plants and various treatment levels. In addition, an evaluation was 
conducted of the magnitude and treatment options of non-point pollution 
sources, including urban runoff and combined sewer overflows. 

During late 1974, the four agencies conducting the Atlanta study 
recognized the limitations inherent in the steady-state water quality 
computer models available for evaluating wastewater management strategies. 

A related question concerned the amount and validity of data available for 
water quality analysis, Including the input data and cost-effectiveness 
of structural and non-structural management techniques. 

Subsequently, during early 1975 the four agencies initiated discus¬ 
sions with the Corps' Waterways Experiment Station (WES) in Vicksburg, 
Mississippi and the Hydrologic Engineering Center (HEC) in Davis, California 
regarding assistance in evaluating water quality and computer modeling 
needs for metropolitan Atlanta. 


i 


i 




In January 1975, the Hydrologic Engineering Center was engaged to 
adapt a state-of-the-art water quality computer model for one of the 
major rivers In Metropolitan Atlanta and to demonstrate the potential 
for assessing the Impact of selected pollution sources on water quality 
in a receiving stream. The computer program, "Water Quality for River- 
Reservoir Systems" (WQRRS) was selected by the four study agencies and 
was to be adapted by HEC for the 116-mile reach of the Chattahoochee 
River between Buford Dam and the headwaters of West Point Reservoir. 

The location map shown in figure 1-1 defines the boundaries of the study 
area. 


Scope and Objectives 

The general objectives for adapting the WQRRS model to the study area 
were to demonstrate the capability for interfacing storm water modeling 
results with selected pollutants from other sources and evaluating their 
Individual Impacts on the river water quality condition. The procedure 
and data requirements for calibrating the model were to be defined in a 
documented methodology that could be used by personnel of the four study 
agencies in continuing studies. 

The developed methodology uses available data only, since neither time 
nor funds were authorized for data collection. The quantity and quality 
of sewage treated effluents were furnished by Georgia's Environmental Pro¬ 
tection Division, but the developed methodology includes procedures for 
estimating quantity and quality of storm water runoff from the entire study 
area. 

The methodology for evaluating the impact on the water quality of the 
Chattahoochee River due to improved treatment at the existing sewage treat¬ 
ment plants, and due to the collection and treatment of storm water runoff 
for existing conditions will be demonstrated. 

Specific tasks to be accomplished by the study include the following: 

1. Modify the Corps' steady flow "Water Quality for River-Reservoir 
Systems" (WQRRS) model (1) to include the capability for unsteady flow 
analysis. 
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2. Develop a preprocessor to facilitate the preparation of Input data 
for the dynamic WQRRS model. 

3. Select a representative study period for analysis. Locate and 
assemble the necessary meteorological, geometrical (i.e., cross sections), 
hydrological, and water quality data. Estimate any additional data 
required. The hydrological and water quality data were to include in- 
stream data (for calibration) as well as data for all significant loading 
and withdrawal points. 

4. Examine the study area and discuss data requirements with local 
field personnel. 

5. Develop local flows for ungaged tributaries and streamflow routing 
criteria for the Muskingum routing method. 

6. Develop a procedure for estimating the quality of storm water 
runoff (i.e., determination of non-point source inflow.) 

7. Apply the preprocessor and the water quality model to the Chatta¬ 
hoochee River for existing conditions. Calibrate the model using observed 
and estimated data. Verify the model on observed data that was not used in 
the calibration process. 

8. Apply the model using the sewage treated effluents with improved 
treatment and the treated storm water runoff. 

9. Compare the Chattahoochee River water quality conditions resulting 
from tasks 7 and 8. 

10. Prepare a report documenting the basic concepts and input 
description for the model and the results of tasks 7-9. Provide a two-day 
training seminar on the basic concepts of the model, the Chattahoochee 
River application, and the study results. 


Study Team 

The study was conducted under the supervision of Mr. R. G. Willey. 
Major portions of the technical work were performed by Messrs. D. Huff, 

J, Abbott, A. Onodera, R. Carl and K. Iceman of the Hydrologic Engineering 




Center. Roger Nutter prepared the figures for the report. The Hydrologic 

f 

Engineering Center (HEC) is a research and training center for the Corps 
of Engineers. One of its main functions is the development and application 
of comprehensive hydrologic engineering computer programs for all Corps 
offices. The HEC has been participating in the development and application 
of the WQRRS model for about six years. This model and several similar 
versions were developed by Drs. Chen and Orlob. These models have been 
applied on more than ten major water quality studies. They have been pre¬ 
sented for critical review at several major technical conferences and have 
been continuously updated as new approaches have been advanced. Mr. Willey 
has been involved full-time in much of this development work during the 
last six years. 

Dr. Carl W. Chen and Mr. Don Smith of Tetra Tech were consultants to 
the project providing review of the system coefficients used in the model 
and evaluation of the resulting output. Dr. Ian King of Resource Manage¬ 
ment Associates modified the steady flow WQRRS model to perform unsteady 
flow analysis. 

The overall management of the study was provided by Mr. Jerry Brown 
of the Corps' Waterways Experiment Station and William C. Porter and Larry 
Lyons of the Savannah District. The project was funded jointly by the 
Corps' Waterways Experiment Station and the Savannah District. 

The required data were graciously provided by the U.S. Environmental 
Protection Agency (EPA), U.S. Geological Survey (USGS), Corps of Engi¬ 
neers' Mobile District, Corps of Engineers' Savannah District, Georgia 
Environmental Protection Division, (EPD) , Georgia Game and Fish Department, 
Atlanta Water Works (AWW), and Georgia Power (GP). The same offices also 
provided numerous consultations with the study participants by phone and 
in-person which were extremely important to this project. The value of 
these local contacts cannot be over-emphasized. 
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Computer programs used In this study, other than those developed 
specially for this study, include Flood Hydrograph Package (HEC-1) (2), 
Water Surface Profiles (HEC-2) (3), Geometric Elements for Cross Section 
Coordinates (GEDA) (4), Urban Storm Water Runoff (STORM) (5), and several 
general utility programs all of which were developed at and are available 
from the HEC. 
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II. SUMMARY AMD CONCLUSIONS 


Summary 

The Chattahoochee River study was performed for the purposes of estab¬ 
lishing and documenting the methodology for Interfacing storm water model¬ 
ing results with selected pollutants from other sources and evaluating 
their individual impacts on the river water quality condition. The devel¬ 
opment of the Chattahoochee River data deck for use in the "Water Quality 
for River-Reservoir Systems" (WQRRS) computer program is the successful 
conclusion of establishing this methodology. This report is the conclu¬ 
sion of the effort to document the methodology so that local and state 
government agencies can easily use the model for evaluation of their own 
study objectives. 

The computer program and the associated data deck should be quite 
useful in numerous anticipated applications. The model and data deck 
have been designed specifically to minimize the man-power requirements 
for studying objectives which differ from those in this project. Examples 
of other potential applications which would require a minimum modification 
Include evaluating the water quality Impact on the Chattahoochee River 
due to the following causes: 

(a) Unprecedented release schedules from Buford Dam, 

(b) Encouraging rapid growth and the associated urbanization, 

(c) Various feasible treatment levals at the sewage treatment plants 
or for other pollutant sources such as storm water runoff, 

(d) Modification of the network of sewage treatment plants into a well 
designed and operated system, and 

(e) Diversions of water Into or out of the basin. 

Conclusions 

The methodology for interfacing a dynamic river water quality model 
and a watershed runoff-quality model has been developed. Now that this 
interface has been completed, watershed quantity-quality analysis similar 




to Che ChaCCahoochee River sCudy can be performed vlch far less emphasis 
on model development 


The developed procedure was applied Co che ChaCCahoochee River using 
dace chac were readily available. Scream profiles were slmulaCed for tem- 
peraCure, dissolved oxygen (DO), ammonia (NH^), nitrate (NO^), total phosphate 
(PO^), pH, total dissolved solids (TDS), and fecal collform. 

Graphs were produced which show observed and simulated results for 
each parameter, at specific stream locations for the 90 day study period 
when Instre am data were available for comparison. The mean 
error and the standard deviation of the arror were tabulated. 

The mean error was added to the most critical (i.e., maximum for all 
parameters except DO) values from the simulated results for each parameter 
and each river reach, and envelope curves defined as "maximum or minimum 
normally expected" functions were constructed. Maximum recorded data 
were plotted for comparison. 

The "existing condition" data input was modified first for simulating 
treatment of storm runoff, then for Improved treatment of municipal sewage. 
Graphs of the modified simulations were compared with the existing condition 
simulations and the Impact of treating either storm water runoff or more 
advanced treatment of sewage treatment plant effluents was concluded. 

Based on the analyses of simulation results, the following conclusions 
can be made: 

1. Diurnal fluctuations of water temperature can often be as large as 
7*C due to the large fluctuation of flows and waste heat input. The 
water temperature below the Georgia Power Plants does not cause the river 
water temperature to exceed the 32.2°C standard, but it can potentially 
cause a change in river temperature in excess of the allowable 2.78°C. 

2. The DO level from Camp Creek to Franklin is a potential problem, often 
having DO concentrations below the 5 mg/1 standard. Under normal operating 
procedures, the DO for approximately 3 miles below Buford dam will also be 
below 5 mg/1. 

3. Plant nutrient concentrations are lower than the drinking water stan¬ 
dards, however, they are higher than the level necessary to limit algal 
growth. 
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4. TDS concentration* and the pH Indicate good quality stream water. 

5. The collfora level often exceeds the standards for recreational uses 
and poses the aost serious water quality problem. This collfora problea 
exists froa Suwanee Creek to Franklin. 

6. No significant iapact was apparent when atom water runoff from existing 
conditions was treated to the ABT-5 level specified in table VI-2. 

7. The upgrading of sewage treatment plants to the ABT-5 level cannot 
improve the water quality sufficiently to aeet the state water quality 
standards, but it will significantly decrease the nutrient load to a down¬ 
stream impoundment. 

8. While approximately 9 man-months were required for the analyses des¬ 
cribed in this report, alternative objectives requiring minlmimi data deck 
modifications could now be analyzed in .5 to 1 man-months. Very few data 
deck modifications are necessary for most practical study objectives. 

9. The cost of computation time on the Lawrence Berkeley Laboratory 
CDC 7600 for running the present data deck or one that is slightly 
modified (l.e., different study objective) would be approximately $360.00 
for the 116 miles of river of $3.00 per mile of analysis. 
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III. CHATTAHOOCHEE RIVER SYSTEM 


General 


The Chattahoochee River watershed begins in the north-central part of 
Georgia. The mainstem and several of its tributaries flow into a large 
impoundment called Lake Sidney Lanier (Buford Dam). Below the dam the 
river travels southwest past Metropolitan Atlanta to the Alabama-Georgia 
border where it flows into the recently completed West Point impoundment. 
The inflow location to West Point is near Franklin, Georgia. The study 
area was located between Buford Dam and Franklin, as shown in figure III- 
1. A schematic of the study area including all withdrawal and loading 
points is shown in figures III-2a to III-2d. 

Meteorological 

The weather data required for the water quality model includes dry 
and wet bulb air temperature, percent of the sky that is cloud covered, 
wind speed and barometric pressure. These data were readily available 
from the Atlanta Airport, National Weather Service Station WBAN ^13874. 

The short-wave solar and long-wave radiation data required for evaluation 
of water temperature conditions are calculated within the model based on 
the latitude and longitude of the site location. 

The long-term mean monthly and 1974 precipitation patterns at Atlanta 
are shown in figures III-3 and III-4, respectively. As shown in figure 
III-3, the precipitation is fairly evenly distributed through the year 
with the months of August through November being the four lowest pre¬ 
cipitation periods. While the 1974 precipitation pattern differs signif¬ 
icantly from the mean annual pattern, as shown in figure III-4, the volume 
of precipitation is only one inch less. Notice the months of August and 
November 1974 are not included in the lowest four months as in the long¬ 
term mean pattern. However, September and October 1974 have the lowest 
monthly precipitation in 1974 similar to that shown in the long-term mean 


pattern. 
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Fig. ZE-2a. Schematic of Chattahoochee River 
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Fig. TL- 2b. Schematic of Chattahoochee River 
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Fig. m-2d. Schematic of Chattahoochee River 
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Fig. HI-3. Mean Precipitation Pattern at Atlanta (1934-1974) 
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Fig. m-4. 1974 Precipitation at Atlanta 
















Geometrical 


The river channel geometry was well documented with field surveys 
conducted by the Corps' Mobile District Office. The Corps' survey was 
performed for a Flood Plain Information Report (6) for the Chattahoochee 
river channel between Buford Dam and Whitesburg. The U.S. Geological 
Survey (USGS) has cross sections at Whitesburg and Franklin in the down¬ 
stream end of the study area. 

The numbering of river miles for this study starts with mile 0 being 
located at the mouth of the Apalachicola River, see figure 1-1. The con¬ 
fluence of the Chattahoochee and Flint Rivers is river mile 107.6. The 
river miles associated with Franklin and Buford Dam (i.e., the study bound¬ 
aries) are 340.2 and 456.2, respectively. 

Hydrological 

The Corps' Mobile District Office has excellent records of hourly 
streamflow data defining their total discharge from Buford Dam into the 
Chattahoochee River channel. They also maintain a continous stage recorder 
at Norcross, 15 miles downstream from Buford. The USGS has streamgaging 
stations located at Paces Ferry Road (Atlanta), Fairburn and Whitesburg. 
Table III-l shows the name, location and source of flow data for all 
inflows and withdrawals. The sources of in-stream flow data are shown in 
table III-2. 

Water Quality 

The concentrations of various pollutants and water quality parameters 
were available for several tributaries, and thermal power plant and muni¬ 
cipal sewage treatment plant discharges. The name, location and source 
of these data are shown in table III-l. Water quality data were avail¬ 
able for a greater number of locations than those having flow quantity 
data but, in general, samples were obtained at irregular intervals (i.e., 
approximately once or twice per month). 
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TABLE III-l (cont'd) 

LOADING AND WITHDRAWAL DATA INVENTORY 

Data Sources 


Tributary or 


Withdrawal 

River Mile 


Quality 

Reach III 

407.2-400.2 



Atkinson-McDonough 

Intake and Discharge 

407.0 

CP 

CP 

Proctor Creek 

405.0 



Nickajack Creek 

403.2 



Sandy Creek 

403.1 



Sandy Creek STP 

403.1 

EPD 

EPD 

So. Cobb STP 

401.3 

EPD 

EPD 

Fulco STP 

400.6 

EPD 

EPD 


Reach IV 

400.2-390.2 



Utoy Creek 

399.0 



Utoy Creek STP 

399.0 

EPD 

EPD 

Sweetwater Creek 

396.2 

USGS 

USGS 

Camp Creek 

391.2 



Camp Creek STP 

391.2 

EPD 

EPD 


Reach V 

390.2-366.2 



Anneewakee Creek 

389.1 



Bear Creek 

382.7 



Dog River 

382.2 


USGS/AWW 

Local 

380.2 



Snake Creek 

369.3 

USGS 
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TABLE III-l (cont'd) 

LOADING AND WITHDRAWAL DATA INVENTORY 




Data 

Sources 

Tributary or 
Withdrawal 

River Mile 

Quantity 

Quality 

Reach VI 

366.2-340.2 



Yates intake and discharge 

365.5 

GP 

GP 

Wahoo Creek 

364.2 



Whooping Creek 

358.3 



Yellowdirt Creek 

356.2 



Centralhatehee Creek 

344.2 




Sources: AWW - Atlanta Water Works: Grab Samples of Temperature, DO, 
BOD, HN3, N03-N, P04, TDS, pH, alkalinity, coliform 
and others. 

EPD - NPDES permits for STP: Mostly BOD, some temperature, 

DO, N03-N, pH and others and discharge. 

GP - Georgia Power: Thermal plant operating specs, capacity, 
heat rejection, flow for units. These data were obtained 
by GP contract with Dr. John Edinger [7]. 

USGS- Geologic Survey: Grab samples of temperature, DO, BOD, 
NH3-N, total N, total P, pH, alkalinity, coliform and 
others. Hourly discharge for study period. 

Mobile - Corps' Mobile District: Turbine Q and monitor of 
Temperature, DO, pH and others. 

Gwinnett Co. - Intake withdrawal, mean monthly Q. 

Dekalb Co. - Intake withdrawal, mean monthly Q. 

Cobb Co. - Intake withdrawal, mean monthly Q. 


III-ll 






TABLE II1-2. IN-STREAM DATA INVENTORY 




Data Sources 

Location 

River Mile 

Quantlty 

Quality 

Reach I 

456.2-420.2 



Below Buford 

455.2 


GP 

Buford Gage 

453.4 

USGS 


Suwanee Creek 

445.6 


AWW 

Gwinnett Intake 

445.5 


AWW/EPD 

Norcross Gage 
(State Hwy. 141) 

43B.3 

Mobile 

GP 

Dekalb Intake 

433.0 


AWW/EPD 

Big Creek 
(State Hwy. 19) 

424.9 


AWW/GP 

Morgan Falls 

420.2 

GP (stage) 

GP/AWW 

Reach U 

420.2-407,2 



Cobb Intake 
(Johnson Ferry Rd.) 

418.1 


GP/AWW/EPD 

Powers Ferry Rd. 
(Akers Mill Road) 

413.8 


AWW/GP 

U.S. Highway 41 

411.1 


AWW/GP 

Atlanta Gage 
(Paces Ferry) 

410.7 

USGS 

GP/AWW/EPD 

Atlanta Water Works 
Intake 

408.2 


AWW/EPD 

State Highway 3 
(Marietta Blvd.) 

408.0 


GP 
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TABLE III-2. IN-STREAM DATA INVENTORY (cont'd) 




Data Sources 

Location 

River Mile 

Quantity 

Quality 

Reach III 

407.2-400.2 



Atkinson-McDonough 
Plant 

407.0 


GP 

State Highway 230 

406.1 


GP 

U.S. Highway 285 

405.1 


EPD 

State Highway 139 
(Gordon Road) 

402.0 


EPD/GP 

Reach IV 

400.2-390.2 



State Highway 166 

393.1 


EPD/GP 

Reach V 

390.2-366.2 



Fairbum Gage 
(State Highway 92) 

389.4 

USGS 

EPD/GP 

Capps Ferry Road 

378.8 


EPD/GP 

Whitesburg 
(State Highway 16 & 
U.S. Highway 27A) 

367.7 

USGS 

EPD/GP 

Reach VI 

366.2-340.2 



Plant Yates 

365.5 


GP 

Franklin 

(U.S. Highway 27) 

343.5 


EPD/GP 


Sources: USGS - Geological Survey, Q and grab samples of temp, DO, BOD, 
NH3-N, total N, total P, pH, alkalinity, collform and others. 

EPD - State Environmental Protection Division, Q and grab samples 
of temp and DO regularly, and BOD, NH3, etc.. Irregularly. 

GP - Georgia Power, temp and DO. These data were obtained by 
GP contract with Or. John Edlnger [7]. 

AWW - Atlanta Water Works, grab samples of temp, BOD, DO, NH3, 
N03-N, P04, TDS, pH, alkalinity, collform and others. 

Mobile - Corps' Mobile District, continuous stage. 
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In addition to having background level water quality data available 
for several tributaries, an HEC computer program, STORM, (5) was used to 
evaluate the water quality concentrations due to storm runoff for all the 
tributaries shown in table III-l. The results from STORM Include concen¬ 
trations for biochemical oxygen demand (BOD), total Inorganic nitrogen, 
total phosphate, and suspended solids. 

In-stream water quality data were also available for the Chattahoochee 
River at several gage sites from several sources as shown in table III-2. 
This data is Important to the study for purposes of calibrating the model 
to existing conditions in contrast to the required input data from trib¬ 
utaries , sewage treatment plants and withdrawals. 
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IV. MODEL FORMULATION 


General 


A comprehensive ecological simulation model for aquatic environ¬ 
ments (ECO model) was developed for the Office of Water Resources Research 
by Drs. Chen and Orlob in December 1972 (8). That same year the Corps* 
Hydrologic Engineering Center (HEC) contracted with Dr. Orlob's firm, 

Water Resources Engineers, to combine their reservoir and river ecologic 
simulation models into one water resource system model. This new model 
is capable of analyzing up to 18 different physical, chemical and bio¬ 
logical water quality parameters in any river or reservoir or any river- 
reservoir system. A preprocessor was developed by the HEC for simplify¬ 
ing the preparation of input data. This package of programs is called 
the "Water Quality for River-Reservoir Systems" (WQRRS) model (1). 

The original river routines analyze dynamic water quality con¬ 
ditions but were developed to handle only steady-state hydraulic con¬ 
ditions (i.e., no channel routing). In September 1974, the HEC contrac¬ 
ted with Resource Management Associates to add streamflow routing capa¬ 
bility to the WQRRS model (9). The model is being developed to include 
the capability for routing streamflows using either the St. Venant 
equations, Kinematic Wave, Muskingum, or Modified Puls routing methods. 

The model can also be used in a steady flow mode with either backwater 
analysis or a stage-flow relationship specified by input data. 

Structure * 

The WQRRS model is a modular set of mathematical computer programs 
developed specifically for the dynamic solution of water quality analysis 
of river and reservoir systems. The programs making up the total pack¬ 
age are designed to interface data and results through magnetic tape, 
disk files, or punched cards. Three separate but integrable modules 
exist within the WQRRS model. The stream analysis programs consist 


*Portions of this material were excerpted from reference 9. 






of a dynamic flow routing module, a dynamic stream water quality module, 
and a preprocessor program for each module. The reservoir analysis 
programs include the reservoir water quality module and a preprocessor 
program. 

The system analysis procedure for river basin water quality modeling 
can be performed with the reservoir results being used as input to the 
stream module or vice versa. Each module is also fully capable of running 
in a stand alone mode. 

Many of the same subroutine names, variable names, common blocks 
and computer logic are used throughout the three modules to help the 
user feel more comfortable when working with the various modules. 

Figures IV-1, IV-2 and IV-3 show the computational sequence of the 
reservoir and stream modules. An important feature to note for each of 
the three modules contained in the system is that the input data for 
every program is collected, prepared, synchronized and integrated into 
the correct sequence and format for the respective module via a pre¬ 
processor. Since the WQRRS model is described in detail in reference 1, 
the model will not be described further in this report. 
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Figure IV -2 COMPUTATION SEQUENCE - STREAM HYDRAULIC MODULE 
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V. APPLICATION TO CHATTAHOOCHEE RIVER 


General 


Previous chapters in the report have attempted to familiarize the 
reader with the physical system of the Chattahoochee River, the general 
availability of required input data and the historical development and 
formulation of the dynamic WQRRS model. 

The purposes of this chapter are to document the specific methodology 
applied to the study of this river including unique manipulations of the 
model and the required input data. It is intended to provide a skeleton 
procedure to be used on future studies with a similar objective but it is 
anticipated that changes in the procedure may be required for unique char¬ 
acteristics or objectives of another study. 

System Simulation 

The WQRRS model has the capability to evaluate water quality conditions 
in any aerobic river-reservoir system which can be adequately represented 
by a one dimensional model. This particular study only uses the river rou¬ 
tines of the model but interest has been expressed in the eventual additional 
analysis of either West Point, Buford, or both Impoundments. Since these re¬ 
servoirs have anaerobic hypolimnions, the reservoir routines need expansion 
to include capability for analysis of anaerobic reservoir conditions. This 
expansion is being initiated. 

Figure V-l shows the entire river-reservoir system including Lake Sidney 
Lanier (Buford Dam), West Point Reservoir and a major tributary system as an 
example for discussion purposes. To demonstrate the steps involved in a 
general river-reservoir system analysis the following tasks can be outlined: 

(1) Simulate Lake Sidney Lanier using the WQRRS reservoir routines and 
evaluate the quantity and quality of release from Buford Dam. 

(2) Simulate the Chattahoochee River from Buford Dam to the Peachtree 
Creek confluence using the dynamic WQRRS river routines. Input to this 




Fig. 3C-1 Typical River-Reservoir System 


-2 





simulation includes Buford Dam releases, water supply intake quanitles, 
natural local drainage, storm water runoff, and sewage treatment plant 
effluents. 

(3) Simulate the Peachtree Creek system using the WQRRS river rou¬ 
tines. Inputs to this simulation are similar to inputs described in task 
2 . 

(4) The mass balance analyses required at the Chattahoochee-Peachtree 
confluence are computed automatically as the input loading conditions are 
specified for the Chattahoochee River analysis. 

(5) Simulate from the Chattahoochee-Peachtree confluence to the head¬ 
water of West Point using the WQRRS river routines. Inputs to this simula¬ 
tion can include any of the previously described Inputs in task 2. 

(6) Simulate West Point Reservoir using the WQRRS reservoir routine 
and the resultant inflow from task 5. 

The present study, unlike the preceding example, does not include anal¬ 
ysis of either Lake Sidney Lanier or West Point Reservoir or of any tribu¬ 
tary systems. It uses known or estimated inputs at Buford Dam and for all 
tributaries, gaged or ungaged. 


Data Sources 

The WQRRS model requires data on meterology, inflow quantity and quality, 
and stream geometry and hydraulics. The task of locating the required input 
data can be awesome and involve a considerable portion of the entire time 
allocated for the study. This task can be greatly simplified by beginning 
with a review of the USGS's Catalog of Information on Water Data and the 
associated maps (10). While this step can prove to be invaluable in locat¬ 
ing most of the sources of available input data for quantity and quality of 
flow the use of this publication does not eliminate the need to search for 
additional data. It is often found that the information in this report is 
not entirely correct and up-to-date. The local sources of data required for 
this specific analysis have been tabulated in appendix A. 


V-3 








Study Period 


The selection of the study period usually follows the task of under¬ 
standing the local study area and making contacts with sources of local 
data. Three significant items were learned from the local data source 
contacts: (1) during the period 29 July to 21 December 1974 the EPD 
collected in-stream water quality data every 2 days, (2) during July 1974 
the R.M. Clayton sewage treatment plant was completed and put on-line, 
and (3) on 28 October 1974 Buford releases were increased significantly 
over normal conditions to transfer water to the newly completed West Point 
impoundment. Because the study objectives required comparison with exist¬ 
ing conditions and because good verification data at regular intervals was 
needed, the study period between 1 August and 27 October 1974 was selected 
for the existing condition test period. 

Meteorological 

A magnetic tape of weather data for the Atlanta Airport Weather Station 
was ordered from the Weather Service office in Asheville, North Carolina. 
The request included the station name, period of interest, magnetic tape 
format and tape specification (i.e., density, parity, number of tracks, 
etc.). An example of this request is included in appendix B. 

The tape was ordered for the period from January 1965 through December 
1974 because there is a fix cost for up to 10 years of data at one station. 
Having ordered the last 10 years of records allows for potential future 
studies of other periods of record. 

The tape format ordered is called "Card Deck 144" (CD-144). This for¬ 
mat includes all the required weather parameters and is one of the least 
expensive methods of transferring the data from the Weather Service. The 
cost associated with either of these formats is usually $70 per 10 station- 
years. A manual describing the tape format for CD-144 is included in 
appendix B. 

This cost estimate only applies to orders for data that have already 
been processed. If a recent month is requested, the cost is usually $25 
per station-month. 
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The HEC has a utility program which transfers the weather data from the 
CD-144 format to the format required by the WQRRS model. This utility pro¬ 
gram makes the weather data preparation the easiest and least expensive of 
all tasks to perform. 

The input weather data update interval used for this analysis was every 
three hours every day. This is the shortest update interval available. It 
provides for dynamic variations in meteorological conditions during each 
day of the study period. 

The "Local Climatological Data" is shown in appendix B. 

Geometrical 

The Mobile District of the Corps of Engineers used the HEC-2, Water Sur¬ 
face Profiles, computer program (3) for analysis of the backwater profile in 
the Chattahoochee River from Buford Dam to Whitesburg for their flood plain 
information study (6). Several years ago, the District obtained, by field 
survey, the input cross section data required by HEC-2 and coded the data 
for use in the model. 

At HEC's request, the District sent punched cards containing data on 
several hundred cross sections including numerous bridge sections. The 
cross section data was in HEC-2 format (i.e., tables of station-elevation 
coordinate pairs defining each section). The sections described by the 
data were located at irregular intervals along the channel (generally at 
transitions and controls). Instead of using cross section data, the WQRRS 
model requires tables of geometric and hydraulic elements. 

The cross section data were transformed to the required WQRRS input data 
by a modified version of the GEDA, Geometrical Elements for Cross Section 
Coordinates, computer program (4), which is capable of developing tables of 
hydraulic properties at intervals of interest using the HEC-2 formatted cross 
section data. The GEDA modifications used for this project consisted of log¬ 
ic to obtain the best "representative" hydraulic properties based on weight¬ 
ing the hydraulic properties of the input sections by distances between those 
sections. H'EC-2 bridge sections were first removed from the input deck be- 
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cause they were considered unrepresentative of the stream geometry. 


Cross section data downstream of Whltesburg were non-existent except 
for a section at Franklin. The Whltesburg and Franklin sections were in¬ 
put to CEDA and "representative" sections were interpolated for developing 
the hydraulic properties of each subreach. 

The weighting computation for the "representative" sections can be 
demonstrated best by use of an example. Figure V-2 shows an example seg¬ 
ment of the Chattahoochee River including locations of measured cross sec¬ 
tion data, 1-mile subreach lengths and example calculation zones for the 
purposes of discussion. 

The calculation zone at mile 3 requires computations quite typical of 
the majority of the subreaches between Buford Dam and Whltesburg. In this 
zone, the upstream end (i.e., point a) has a measured cross section exactly 
at the zone boundary but at the downstream end (i.e., point d) a section is 
interpolated based on the two closest cross sections (i.e., point c and e) 
weighted according to their distance from the boundary. 

The next step is to calculate the hydraulic properties at a section at 
mile 3 by the following equation: 

X, ■ l/2(distance a-b) X + (l/2(distance a-b) 

+ l/2(distance b-c)) X^ + (l/2(distance b-c) 

+ l/2(dlstance c-d)) X + l/2(distance c-d) X, V-l 

c o 

where: X^ » cross section properties at point i. 

The WQRRS model will interpolate between this section at mile 3 and a 
similarly calculated section at mile 4 for the hydraulic properties for 
each subreach or at each node. 

The calculation zone for mile 0 differs from that at mile 3 because 
only cross sections in the downstream direction are relevant to the calcu¬ 
lation. Calculations for a section at mile 7 are obviously similarly affected. 

The calculation zone for mile 6 is similar to the actual reach from 
Whltesburg to Franklin. When the only available (known or Interpolated) 
cross sections in a computation zone are located at the boundaries, the 
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Example Cross Section Manipulation 
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weighting computation (i.e., equation V-l) is not necessary and the nodal 
sections are obtained by linear interpolation. 

The development of the necessary geometrical data for the WQRRS model 
was a minor task requiring approximately 1 man-week once the GEDA program 
modifications were completed. The short amount of time required to pre¬ 
pare this input data was due to the modified GEDA program and the Mobile 
District supplying the Chattachoochee River cross sections. 

Hydrology and Hydraulics 

Development of the hydrologic input data was a major task. As shown 
in table III-l, many of the major tributaries along the Chattahoochee 
River are ungaged. These flows had to be estimated as well as flows from 
all local drainage. 

Analysis of the hydrology began by obtaining the study period flow 
records at Atlanta, Fairburn and Whitesburg, the stage records and rating 
curve for Norcross, the discharge records at Buford Dam, and the power 
generation and operating head records at Morgan Falls. 

The Norcross stages were converted to flow using the Corps' stage- 
discharge rating curve. Morgan Falls discharge through the turbines can 
be estimated from the records on power generation with the following equa 
tion: 

Q - P/(CeHt) V-2 

where 

Q ■ turbine discharge in cfs 
P ■ power generated in kilowatt hours 
C ■ conversion constant “ .08464 
e * plant efficiency ■ .72 

H ■ effective head ■ pool elevation - tailwater elevation - 
estimated head loss of four feet 


t ■ computation interval » 1 hour 







To determine the flow for the ungaged tributaries, a flow balance was 
made by subtracting all flows of gaged tributaries and the next most up¬ 
stream gaged station in the malnstem from that of a downstream malnstem 
gage. The following equation is used to proportion the unbalanced flow 
to each ungaged tributary in accordance with the relative magnitude of 
its drainage area. 


V, - V_(DA,/DA_) 
i T i T 


where 


V. * Volume of flow for ungaged tributary i 

V T * Volume unaccounted for by gaged data 

DA^ ■ Drainage area of the ungaged tributary i 

DA^, ■ Drainage area unaccounted for between 2 malnstem gaging 
stations. 

After calculating V^ for each ungaged tributary between 2 malnstem 
gages, any remaining volume was defined as local drainage. 

For a dynamic flow routing, an inflow hydrograph is needed in lieu of 
the volume of flow. The study developed pattern hydrographs either from 
a nearby gaged tributary or by combining hydrographs from several gaged 
tributaries. These patterns were then used to index the shape of the hydro¬ 
graphs developed for the nearby ungaged tributaries. Five pattern hydro¬ 
graphs were developed using the USGS streamflow records for four stations 
as shown in table V-l. 

TABLE V-l. PATTERN HYDROGRAPH DEVELOPMENT 


Pattern 


USGS Station // USGS Station Name 


Weighting 

Factor 







Table V-l also shows the weight applied to each station's hydrograph 
ordin tes to calculate the pattern ordinates. The volume from each ungaged 
tributary or local drainage was then distributed in time according to the 
adopted pattern hydrograph listed in table V-2. 

TABLE V-2. PATTERN HYDROGRAPH APPLICATION 

Tributary Pattern Used 

Buford Local A 

Suwanee Cr. A 

Johns Cr. A 

Chattahoochee Local A 

Willeo Creek A 

Sope Creek B 

Long Island Cr. B 

Rottenwood Cr. B 

Proctor Cr. C 

Nlckajack Cr. C 

Sandy Cr. C 

Utoy Cr. C 

Camp Cr. C 

Anneewakee Cr. D 

Bear Cr. D 

Dog Cr. D 

Local D 

Wahoo Cr. E 

Whooping Cr. E 

Yellowdirt Cr. E 

Centralhatchee Cr. E 

Once the ungaged tributaries and local drainage flow rates had been 
estimated, HEC-1, Flood Hydrograph Package, computer program (2) was 
applied to develop optimized streamflow routing criteria (i.e., K and x) 
for the Muskingum method. The optimized values were developed to force 
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reproduction of a hydrograph at a downstream gage with a known upstream 
inflow and known or estimated tributary and local inflows. 

The optimized values of K and x between gages still had to be inter¬ 
polated to route between each water quality control point (i.e., every 
inflow or withdrawal). The optimized x value (i.e., attenuation) was held 
constant between each pair of mainstem stream gages and the optimized K 
(i.e., travel time in hours) value was interpolated based on length of for 
instantaneous translation over a short channel length, then an x of .5 
must be used to avoid any attenuation of the peak. The derived routing 
criteria is shown in table V-3. 

The development of the hydrology and hydraulics for this project re¬ 
quired approximately 2.5 man-months of effort. This task should be con¬ 
sidered to be one of the most important and time consuming tasks during 
the study. 


Water Quality 


General 

The initial water quality profile for each reach of the Chattahoochee 
River was assumed to have the same magnitude for each parameter (except 
algae) as the 1 August inflow at the upstream end of the reach (e.g., reach 
I profile was obtained from 1 August Buford discharge quality). This 
commonly used assumption is quite satisfactory for this study since the 
initial conditions established in this manner are associated with water 
which is transported out of the study area in six days or less. 

The algae profile was based on observed chlorophyll A data collected 
by Water Resources Engineers (11). The WRE data between Buford Dam and 
Franklin are shown in figure V-3. 

The only initial profile parameters which cannot be identified by the 
1 August inflow concentration are the fish, sediment and benthic animals 
since these parameters are not transported in the inflow. 
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TABLE V-3 

ROUTING COEFFICIENTS 


REACH I 


From 

River Mile 


456.2 

451.2 
445.6 
445.5 

438.3 

436.8 
433.0 
432.2 

424.9 
422.7 


To 

River Mile 

Incremental 

Miles 

451.2 

5.0 

445.6 

5.6 

445.5 

.1 

438.3 

7.2 

436.8 

1.5 

433.0 

3.8 

432.2 

.8 

424.9 

7.3 

422.7 

2.2 

420.2 

2.5 


No. of 

K 

X 

Steps 

(hrB) 

- 

2 

.94 

.01 

2 

1.00 

.01 

1 

0 

.50 

’• 2 

1.50 

.01 

1 

0 

.50 

2 

.93 

.01 

1 

0 

.50 

2 

1.40 

.01 

1 

.80 

.01 

1 

.90 

.01 


REACH II 

From 

River Mile 

420.2 

To 

River Mile 

Incremental 

Miles 

No. of 
Steps 

K 

(hrs) 

418.1 

2.1 

1 

.5 

418.1 

416.2 

1.9 

1 

.5 

416.2 

412.2 

4.0 

2 

.5 

412.2 

411.9 

.3 

1 

0 

411.9 

410.7 

1.2 

1 

. 5 

410.7 

408.2 

2.5 

1 

1.2 

408.2 

408.1 

.1 

1 

0 

408.1 

408.0 

.1 

1 

0 

408.0 

407.2 

.8 

1 

0 


x 


.04 

.04 

.04 

.50 

.04 

.05 

.50 

.50 

.50 
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TABLE V-3 (cont'd) 
ROUTING COEFFICIENTS 


REACH III 

From 

River Mile 

To 

River Mile 

Incremental 

Miles 

No. of 
Steps 

K 

(hrs) 

X 

407.2 

407.0 

.2 

1 

0 

.50 

- 407.0 

405.0 

2.0 

1 

1.30 

.05 

405.0 

403.2 

1.8 

1 

cc 

.05 

403.2 

403.1 

.1 

1 

0 

.50 

403.1 

401.3 

1.8 

1 

1.10 

.05 

401.3 

400.6 

.7 

1 

0 

.50 

400.6 

400.2 

.4 

1 

0 

.50 


REACH IV 






From 

To 

Incremental 

No. of 

K 

X 

River Mile 

River Mile 

Miles 

Steps 

(hrs) 

_ 

400.2 

399.0 

1.2 

1 

.70 

.05 

399.0 

396.2 

2.8 

1 

1.20 

.05 

396.2 

391.2 

5.0 

2 

1.10 

.05 

391.2 

390.2 

1.0 

1 

.78 

.05 
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REACH V 
From 

River Mile 

390.2 
389. A 

389.1 

382.7 

382.2 

380.2 

369.3 

367.7 


REACH VI 
From 

River Mile 

366.2 
365.5 

364.2 

358.3 

356.2 

344.2 


TABLE V-3 (cont'd) 
ROUTING COEFFICIENTS 


To 

River Mile 

Incremental 

Miles 

No. of 
Steps 

K 

(hrs) 

X 

389.4 

.8 

1 

0 

.50 

389.1 

.3 

1 

0 

.50 

382.7 

6.4 

3 

.91 . 

.07 

383.2 

.5 

1 

0 

.50 

380.2 

2.0 

1 

1.00 

.07 

369.3 

10.9 

5 

.89 

.07 

367.7 

1.6 

1 

.65 

.07 

366.2 

1.5 

1 

.73 

.07 


To 

River Mile 

Incremental 

Miles 

No. of 
Steps 

K 

(hrs) 

X 

365.5 

.7 

1 

0 

.50 

364.2 

1.3 

1 

.69 

.07 

358.3 

5.9 

3 

.80 

.07 

356.2 

2.1 

1 

.85 

.07 

344.2 

12.0 

6 

.81 

.07 

340.2 

4.0 

2 

.81 

.07 
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Oue to the lack of overall data on fish, benthic animals, zooplankton, 
and algae, the lack of expected changes in their concentrations during a 
short period of computation, and the concern of many biologists of the abil¬ 
ity to accurately predict changes in concentrations of these biota, it was 
decided that for the purposes of this study their concentrations would be 
held constant. To estimate their respective concentrations, a field inspec¬ 
tion trip was made. Based on the observations in the field and consultation 
with field biologists, a set of parameter estimates were made. A report by 
Dr. Carl W. Chen establishing these values is shown in appendix C. 

It was estimated that the sediment for reaches I and II should be 10 
gm/sq. meter between Buford Dam and Morgan Falls backwater and 150-200 gm/ 
sq. meter in Morgan Falls impoundment. Sediment in reaches III-VI should 
be 20 gm/sq. meter. 

The benthic animals should range between 200-1000 mg/sq. meter for all 
reaches. The fish standing crop should be about 1.41 kg/km for cold water 
fish, .06 kg/km for warm water fish and .08 kg/km for benthos feeder fish 
above the location of the first sewage treatment plant outfall. Below the 
input of sewage treated effluents the cold, warm, and benthos feeder fish 
biomass should be .03, .28 and .28 kg/km respectively. 

Input requirements for the fish harvest, the algae and zooplankton con¬ 
centration in tributaries and several biological system coefficients were 
not needed in this study. 

Base Flow 

The water quality data for each load point have been tabulated in 
appendix D. These data are average values for the study period based on 
measurements at irregular intervals by agencies documented in table TII-1. 
They were used as input to the model to described a base loading condition. 
The temperature of the baseflow for ungaged tributaries was assumed to be 
equal to the mean daily air temperature minus 3°F. This assumption is 
based on the graphical relationship shown in figure V-4. 
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Figure 3L-4. AIR-WATER TEMPERATURE RELATIONSHIP 







Storm 

The base flow quality for tributaries was modified to include the 
quality of storm water runoff by using analytical results from the com¬ 
puter program, Urban Storm Water Runoff, STORM (5).* 

The output from STORM included concentrations of suspended solids 
(SS), biochemical oxygen demand (BOD), total inorganic nitrogen (N) and 
total phosphate (P04) for direct runoff events (i.e., not including base 
flow). The output for BOD and P04 were multiplied by direct runoff and 
then used as mass emissions (i.e., loads or flow times concentration) 
for combining directly with the base flow mass emissions to calculate 
concentrations for the total discharge. 

The actual percentage of N that is NH^ in urban runoff samples col¬ 
lected at various sites in the United States is shown in table V-4 to 
have a range from 19 percent to 62 percent. Because of this wide range 
and the variability of the NH3/N ratio from one storm to the next, a 
value to 50 percent or .5 was used to adjust the STORM output for N to 
obtain concentrations for ammonia-nitrogen (NH3) and nitrate-nitrogen 
(N03). 

The STORM output for SS was multiplied by 30 to obtain fecal con¬ 
form during storm events. Similarly SS was multiplied by .25 to obtain 
detritus (volatile solids). Both of these factors were selected based 
on the average value of the data shown in table V-4. 

The temperature of storm water runoff was assumed to equal the 
hourly air temperature during the storm. 

The direct runoff concentrations for NH3, N03, fecal coliform, de¬ 
tritus and the water temperature were then mixed with the base flow con¬ 
centrations rising the mass balance concepts explained for the BOD and 
P04 calculations. 


* Details involving the calibration of STORM and analysis of storm runoff 
from the study area are contained in appendix E. 
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TABLE V-4. URBAN STORM RUNOFF* 


Location 

Dates 

nh 3 /n 

Coliform/SS 

VS/SS 

Cincinnati, OH 

1962-63 

.60 

52 

.25 

Castro Valley,CA 

11/11/71 

4/5/72 

.19-.62 

— 

- 

Oakland, CA 

- 

- 

19 

.27 

Coshocton, OH 

- 

- 

27 

- 

Lawrence, KY 

- 

- 

- 

.25 

Atlanta, GA 

1974 




Montreal Rd. 


.19 

51 

- 

Plantation Ln. 


.51 

7 

- 

Drew Valley 


.26 

15 

- 

Parkside Circle 


.54 

16 

- 


Legend: 



Coliform 

SS 

VS 


* ammonia-nitrogen in mg/1. 

• total dissolved inorganic nitrogen in mg/1. 

■ fecal coliform in colonies/100 ml. 

■ suspended solids in mg/1. 

■ volatile solids in mg/1. 


* Calculated from referenced 12 and 13. 
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All other parameters used In the WQRRS model were assumed equal to 
their respective base flow concentrations. 

Withdrawals 

The average monthly demand for municipal and industrial water supply, 
according to data sources shown in table III-l, is shown in appendix D. 

It is always assumed that the stream is laterally well mixed and that the 
water withdrawn contains the same dissolved constituents as the river water. 

Sewage treatment Plants (STP) 

Sewage treatment plant discharge and quality data for those plants 
having outfalls located directly on the Chattahoochee River were obtained 
from the EPA/EPD permit program. The average monthly values are shown in 
appendix D. 

All the STP's shown in figure III-2 discharge directly into the Chat¬ 
tahoochee River. A summary of the plant's characteristics are shown in 
table V-5. Those STP's discharging into the tributaries were considered 
to be tributary flow and no separation was attempted. 

Combined Sewer Overflows (CSO) 

No attempt was made to specifically distinguish CSO's. Their contri¬ 
bution during dry weather is considered in the STP discharge analysis and 
the extra contribution to the river during storm periods was analyzed using 
STORM. Since quality data for the CSO's was not available at the loading 
point to the Chattahoochee River and analysis of tributaries to the main- 
stem was beyond the scope of this study, this superposition procedure was 
the best remaining approach. 

Biochemical Oxygen Demand (BOD) 

The BOD data from all sources were corrected from a total five-day 
BOD to a dissolved carbonaceous 5-day BOD required by the model by the 
following equation: 
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TA3LE X -5, SEWAGE TREATMENT PLANT CHARACTERISTICS 
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(2) Significant quantities of flow bypassed the R.M. Clayton treatment plant during the period of study. 



CB0D5 - TB0D5 - <NH3) 02NH3 (l-e“ KNin(5) ) V-4 

- (N02) 02N02 (l-e _KN ° 2{5) ) - (DET) 02DET (l-e" KDET(5) ) 

where 

CB0D5 ■ 5-day dissolved carbonaceous BOD In mg/1 
TBOD5 ■ total dissolved and suspended 5-day BOD in mg/1 
NH3 ■ ammonia-nitrogen in mg/1 

02NH3 ■ stoichiometric equivalence between DO and N02 
KNH3 * decay rate of ammonia at 20°C 
N02 * nitrite-nitrogen in mg/1 

02N02 ■ stoichiometric equivalence between DO and N02 

KN02 * decay rate of nitrite at 20°C 

DET - detritus (volatile solids) in mg/1 

02DET * stoichiometric equivalence between DO and detritus 

KDET ■ decay rate of detritus (volatile solids) at 20°C. 

This correction is made automatically in the preprocessor so that the user 
can input the normally available total dissolved 5-day BOD, TB0D5. 

Recommended Data Collection Improvements 

Many important concepts and ideas were generated during the one year 
duration of this study. Many of these ideas were used in the model devel¬ 
opment, some were used in establishing suitable input data where lack of 
recorded data was apparent, and others are to be documented in this section 
as to how the study could have been improved if things could have been 
different. 

First on any modeler's list of improvements needed is the necessity 
of having more and better quality input data. Many examples exist, in 
the data available for this study, where two or more agencies have collected 
data on the same day and have recorded widely varying values. While it is 
physically possible for this to happen, one might question the common occu- 







rence of this data variability. A recommendation for minimizing the doubt 
of the acceptability of this data variability is to insure the data users 
of the laboratory's quality control and the qualifications of the field 
sampling teams by establishment of a sensitive rating system. If these 
ratings could be recorded on the data sheets, the data users could apply 
appropriate weightings to the recorded data before using the data for anal¬ 
ysis. Under the present system, all the data are given the same weight re¬ 
gardless of the laboratory or field personnel involved in the sampling and 
analysis. 

More data are always recommended but proactlcal limits must be found 
to balance the incremental increase in modeling analysis accuracy against 
the increased cost of collecting more data. An economic balance is obvi¬ 
ously beyond the scope of this study but practical suggestions can be made 
regarding the lack of needed data. Collection of the following data is 
recommended in order of priority: 

1. Storm runoff quality data collected at several (i.e., 3 to 5) 
sites during two or three storm events, 

2. Better quality control and maintenance control on the data col¬ 
lected at Buford Dam, 

3. Discharge data always measured or estimated whenever an agency 
collects water quality data, 

4. Much better monitoring of effluents from the sewage treatment 
plants, particularly from the R.M. Clayton plant, including 
records on the quantity and quality of flows bypassing the 
treatment system, 

5. Measured discharge at Morgan Falls, 

6. Monitoring effluents for at least temperature and DO at all in¬ 
dustrial outfalls, particularly the Atkinson-McDonough and the 
Yates power plants, 

7. Recording the time of observation on all data sheets, and 

8. Major expansion of the collection of biotic data. 

Until better data are collected in the field during several storm run¬ 
off events, as suggested in recommendation 1, any dynamic (i.e., short in¬ 
terval) modeling effort will have significant problems reproducing observed 
data during the after storm periods because the time variability of runoff 
quality as well as the total loads can only be grossly estimated. 
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Recommendation 2 was suggested because of the experience in this 
study where the Buford monitor was found to be non-functional during 84 
days out of the 92 day study period. The quality control at this point 
in the system is so important because it is the headwater (i.e., boundary 
condition) inflow and the largest inflow to the system (aside from the 
Atkinson-McDonough inflow which has been first withdrawn from the system 
and then used for cooling water only). 

Examination of the loading and withdrawal data inventory (table III-l) 
shows that several of the tributaries are monitored regularly for water 
quality but no estimate is available for discharge. Without this quantity- 
quality coordination, as suggested in recommendation 3, the stream loadings 
can only be grossly estimated. If the collection points are sufficiently 
important to sample quality data on those tributaries, the U.S. Geological 
Survey or other agencies should seriously consider collecting discharge 
data at the same points. 

Another significant input data problem experienced during the study 
prompted recommendation 4. The Chattahoochee River (Cobb Co.) and South 
Cobb sewage treatment plants had daily records on discharge, BOD, pH, 
chorine and suspended solids but the R.M. Clayton, Sandy Creek, Fulco, 

Utoy Creek and Camp Creek plants had only yearly averages, minimums and 
coliform, DO, NH^j PO^, and temperature are also needed and at least weekly 
records should be maintained. The R.M. Clayton plant records were furnished 
by the State with a note suggesting that substantial amounts of unmonitored 
influents bypassed the system during the period of study. Some estimate is 
needed of the quality and quantity of all influents bypassing any treatment 
plants. 

Recommendation 5 is important because the velocities in the Morgan Falls 
impoundment have to be so grossly estimated that calculated discharges are al¬ 
most useless. The accuracy of the cross sections in Morgan Falls impoundment 
are sufficiently questionable, due to continually occurring sedimentation, that 
the velocities in any section are not reliable. This study used estimated dis¬ 
charges based on recorded power generated, recorded head and an estimated 
efficiency rating. 
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Effluent records from Industrial outfalls are generally not readily 
available. While they are not always extremely important to an accounting 
of masses in the system because their discharge is usually small, any dis¬ 
charge of pollutants of greatly different concentrations than the receiving 
water concentration offers potentially significant errors in a mass account¬ 
ing. Examples of the importance of recommendation 6 are the effluents from 
Georgia Power's Atklnson-McDonough and Yates power plants. 

These recommendations are made in an effort to improve the data situa¬ 
tion on the Chattahoochee so that further modeling efforts may more closely 
simulate the existing condition and so that the evaluation of the impacts 
of proposed alternative plans of development for the basin can be more 
realistic. They are not intended and it is hoped they will not be considered 
by anyone to be a criticism of the data collection efforts presently in 
progress. The data provided for this study were of better quality and more 
voluminous than the data this modeler has ever found available on previous 
studies. 

The time of sample collection must be recorded, as suggested in recom¬ 
mendation 7, so that true error can be determined in modeling studies. 

Recommendation 8 is extremely important to future modeling efforts. 
Besides suggesting major expansion of the collection of biotic data, the 
present data collection program needs critical review by an interdisciplinary 
team of biologists and water quality modelers. 
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VI. MODEL RESULTS 
Analysis of Existing Conditions 


General 

The analysis of existing conditions with the use of a mathematical 
model is usually done for the purpose of (1) calibration of the model 
for use as a predictive tool, with existing conditions, (2) allowing 
the modeler to develop some degree of confidence in the model as a 
predictive tool, and (3) preparing to perform a predictive analysis on 
physical conditions that are somewhat different than the existing con¬ 
ditions (e.g., channel alignment project). 

The distinction between calibration and verification of a mathe¬ 
matical model requires definition for this specific study since these 
words are often used interchangeably. The term calibration refers to 
adjusting model coefficients which can only be defined by site specific 
characteristics. The term verification refers to using a calibrated 
model to predict a condition somewhat different than the condition on 
which it was calibrated and then to check the predicted results against 
observed field data. 

The error in reproduction of observed data, using a water quality 
model, can be caused by several phenomena besides modeling inadequacies. 

The error can be caused by (1) sampling data in a stream section that 
is not fully mixed in either the vertical or lateral dimensions, (2) labor¬ 
atory error in analysis (i.e., inadequate quality control), (3) field 
sampling problems with preservation of the sample to insure minimum 
change in the sample between the field and the laboratory, and (4) the 
lack of observed input data for loadings and tributaries. This last 
point is a major cause of problems in most studies. 

Careful examination of some of the observed field data shows that 
one or more of these causes of error probably contributed to reproduction 
problems. On several occasions, field samples were collected by different 
agencies on the same day but the reported results from the laboratory 
analysis are significantly different. This situation is not unusual 
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in modeling efforts but should be mentioned prior to any discussion of 
the modeling calibration effort. 

Model Calibration 

On the Chattahoochee River study, the calibration was completed 
using observed field data from reach 1 for the first 15 days of August 197A. 
The results of the 15 days of simulated data were compared against the 
observed data from 7-8 August and 13-15 August. The only coefficient 
adjustments required to calibrate the model consisted of increasing the 
ammonia and nitrite decay coefficients in order to better reproduce the 
ammonia and nitrate observed data. The coefficients used for this study 
are shown in Appendix F. 

Originally the fecal coliform input data used at each tributary 
or load point was a 3-month average value. During the calibration simu¬ 
lation an attempt was made to improve the coliform reproduction by using 
mean monthly fecal coliform as input. The resulting simulation was a 
slight improvement over the previous simulations and the mean monthly 
input interval for fecal coliform data was adopted. 

Model Verification 

Following completion of the model calibration on reach I using 
the two sampling periods in the first 15 days of August, the model was 
used to simulate the remainder of the study period on reach I and the 
entire study period on reaches II through VI. Comparisons were then 
made between calculated and observed data but without applying any 
further adjustment to the coefficients. 

Results 

The model simulations resulted in output every 2 hours at every 
node (i.e., every mile in reach I, every .5 mile in reaches II-IV, and 
every 2 miles in reaches V-VI) for each water quality parameter. A 
magnetic tape was produced during the simulation runs for use by a 
post-processor program which is presently undergoing developmental work. 
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The post-processor program produced graphical output for 8 para¬ 
meters (i.e., temperature, DO, NH^, NO^* PO^, pH, TDS, and fecal coliform) 
showing the calculated and observed values. Samples of the graphs are 
shown in figures VI-1 through VI-8. These sample graphs depict the 
computer simulated results at the Atlanta USGS streamflow gage (i.e., 
river mile 410.7). 

These graphs were examined for each parameter at each sampling 
location. The individual observed errors (i.e. , the difference between 
the observed data and the calculated curve) were recorded and the mean 
error (X) and standard deviation of the errors were calculated for 
each parameter. These calculated statistics are shown in table VI-1. 

The maximum computed value for each date and for each parameter 
was obtained from the graphs. Combining the maximum computed value 
during the 3 months and the mean error for the associated point and 
parameter, envelope or maximum curves were constructed for all para¬ 
meters listed above except DO. 

It is important to clarify that these envelope curves are developed 
by studying only the 3 months of August through October 1974. Obviously, 
higher concentrations can occur due to causes which were not represented 
during this study period. Examples of causes that might generate worse 
conditions include (1) climatic and seasonal conditions not represented 
during this study period', (2) operational failure of one or more treat¬ 
ment plants, (3) lower releases from Buford Dam and Morgan Falls than 
were experienced during this study, and (4) higher concentrations of 
storm water pollutants or tributary loads than were experienced during 
this study. With these qualifying remarks in mind, the envelope curves 
can be thought as "maximum normally expected" water quality stream 
profiles. 

"Minimum normally expected" stream profiles were constructed in 
a simular manner to the method used for the maximum curves. Minimum 
curves were developed for temperature, DO, and pH. The stream profiles 
for the maximum and minimum curves are shown in figures VI-9 through 
VI-16. 
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TABLE VI-1 

ERROR OF REPRODUCTION STATISTICS 


Parameter 


temperature 

(°C) 


DO (mg/1) 


IH3 

mg/1 as N) 


N03 

(mg/1 as N) 


P04 

(mg/1 as P) 


pH 


TDS (mg/1) 


Log Fecal 

Collfom 

(colonies/ 


Error 

Statistic 



End of Reach 


1 

2 

3 _! 

Mean 

-.5 

-.1 

-.1 -.2 

S 

1.3 

1.8 

.7 1.3 

Mean 

-.1 

.6 

1.1 1.6 

S 

.2 

.4 

.8 .f 

Mean 

.04 

• 

• 

o 


S 

.16 

.10 


Mean 

-.•1 

.13 


S 

.39 

.23 


Mean 

-.01 

.05 


S 

CO 

o 

• 

.11 


Mean 

.0 

-.2 


S 

.1 

.5 


Mean 

1.8 

-2.1 


S 

18.8 

12.1 


Mean 

0 

••2 


S 

.5 

.6 
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An estimate of one standard error (i.e., if the true error was 
known and used, an 84% confidence error limit curve) above the maximum 
curve and below the minimum curve has been included for assistance 
in interpreting the confidence of a "best estimated value" from the 
curves. An example of the uses of these error limit curves might be 
beneficial. If an estimate of a "maximum normally expected" temperature 
at river mile 410.7 (Atlanta gage) is desired, figure VI-9 shows it 
to be 22.6°C with approximately 84% confidence. By doubling the dis¬ 
tance between the "best estimate" curve and the error limit curve, it 
can be estimated that the "true" value would not be expected to exceed 
25.8°C with approximately 98% confidence. 


Comparison With Water Quality Standards 


1. General. A copy of the Georgia state stream standards and the 
associated stream classifications has been included in appendix G. 

The relevant standards have been superimposed on figures VI-9 through 
VI-16 for comparison with the "maximum normally expected" or "minimum 
normally expected" existing conditions. 


2. Temperature . Notice in figure VI-9 that although water tem¬ 
peratures for existing conditions normally do not exceed the 32.2°C 
(90°F) temperature standard, the heat effluent from Georgia Power’s 
thermal power plants can potentially cause a receiving water temperature 
rise in excess of the allowable 2.78°C (5°F). This potential violation 
of the standards based on the calculated values was caused by using a 
constant input from the thermal plant running at full capacity. In 
practice Georgia Power attempts to monitor their effluents to prevent 
this from occurring. The modeling effort did not attempt to simulate 
the actual hourly variations in cooling water flows. No other tempera¬ 
ture problems seem to be apparent. 


It is interesting to note that water temperature variations during 
a day were often as large as 5°C (9°F). This rather large diurnal 
variation was substantiated by examination of AWW's continuous recorder 
charts which result from monitors located at several points along the 
Chattahoochee River and from thermal studies by Dr. Edinger (7). 




This large variation in daily temperature is caused by large diurnal 
differences in stream velocities which are due to the hydropower oper¬ 
ations at Buford Dam and Morgan Falls. When the stream velocities are 
lowest [i.e., reservoir releases less than 20 cms (706 cfs)], the amount 
of time that a given unit of water is exposed to short wave radiation 
is approximately twice as long as when the stream velocities are high¬ 
est [i.e., hydropower releases in excess of 225 cms (7945 cfs)]. This 
dependency between the stream water quality condition and the river 
hydraulics is the reason for the importance of using a dynamic river 
water quality model. 

Diurnal water temperature variations were usually around 1° to 
2°C (1.8° to 3.6°F) during storm events. This again is due partially 
to the higher velocities in the stream system, but the cause must also 
be partially attributed to the meteorologic conditions during the storm 
period. 

Examples exist where the stream temperature has been maintained 
between 11°C and 13°C down to Plant Yates. This was caused by high 
velocities and cool weather conditions. 

Some maximum recorder temperature data have also been shown in 
figure IX-9. 

3. Dissolved Oxygen . As shown in figure IX-10, the minimum DO 
profile will normally exceed the DO standard of 5 mg/1 only in the reach 
from 3 miles below Buford Dam to Camp Creek. The DO in the remainder 

of the Chattahooche River will often go below the standard. 

The portion of the river between Camp Creek and Franklin is a poten¬ 
tial problem area for DO during adverse conditions. Observed data have 
been recorded in this reach of the river that substantiates these simu¬ 
lated results. Some minimum recorded DO data have also been shown in 
figure IX-10. 

4. Plant Nutrients . The state standards for nutrient (i.e., NH^» 

NO^ and P0^) concentrations are specified only in the river reach between 
Buford Dam and Peachtree Creek. In this reach, the nutrient concentrations 
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must not exceed the "Federal Drinking Water Standards." Although the 
concentrations shown in figures IX-11 through IX-13 are considerably 
below concentrations allowed for drinking water, it is important to 
note that they are all considerably above the concentrations which would 
tend to limit the growth of algae. While the growth of suspended algae 
(phytoplankton) was not simulated with the model, no visible level was 
encountered during field observations. This apparent lack of production 
was probably due to the turbidity normally present, rather than any 
nutrient limitations. If the turbidity was removed or decreased sub¬ 
stantially, the potential would exist for rapid growth of algae in any 
slack water (i.e., low velocities) portions of the stream channel. 

It should be noted in figures VI-11 through VI-13 that all the 
nutrient concentrations at the Fairbum gage are approximately double 
the concentrations at the Atlanta gage. The majority of this signifi¬ 
cant increase through the Atlanta urban area can be attributed to the 
7 sewage treatment plants in this 21 miles of stream channel. 

As shown in figures VI-12 and VI-13, the simulated results for NO^ 
and PO^ in the reach from Buford Dam to Atlanta are significantly low. 
While the calculated results cannot be relied upon as accurate simu¬ 
lations, the conclusions previously stated are undoubtably correct. 

5. pH. The pH simulation results shown in figure VI-14 are always 
within the state standards. The one observed sample that exceeded the 
state standards was obtained at the Atlanta gage (i.e., river mile 410.7) 
during an intense storm period on 29 August. During the same storm 
event, a sample equal to the maximum standard was obtained at the Fairbum 
gage (i.e., river mile 389.4). Large pH values like these should only 
oe expected to occur under very adverse conditions. 

. Total Dissolved Solids . The state standards on TDS are only 
► : j for the river reach between Buford Dam and Peachtree Creek. 

•> a h the TDS concentrations must not exceed the "Federal Drinking 
« <ru". The concentrations of TDS for the entire length of 

w m figure VI-15 to be well below levels required for 
'him conclusion is undoubtedly valid even though the 
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simulated results cannot be relied upon between Buford Dam and Atlanta. 


The TDS concentration has a significant increase through the Atlanta 
urban area mostly due to the 7 sewage treatment plants in the 21 miles 
between the Atlanta and Fairburn gages. 

7. Coliform Bacteria . The level of fecal coliform is probably 
the most serious problem in the Chattahoochee River. The state standards 
for the river reach from Suwanee Creek to Peachtree Creek are often 
exceeded for recreation uses as shown in figure VI-16, and from Peach¬ 
tree Creek to Franklin for fishing. While several observed values lie 
above the simulated results, the conclusions remain the same as to the 
exceedence of state standards. 

i 

Cost Analysis 

The computer costs on a high speed computer, like the CDC 7600 
at the Lawrence Radiation Laboratory in Bet-celey, are approximately 
$360 for simulating the 116 miles of river with 41 tributaries, load 

i points and withdrawals for 92 days using hourly inputs. The cost may 

be increased by as much as 20% if excessive output is requested. Costs 
at commercial computer centers may be considerably higher. 

j Analysis of Modified Conditions 

i 

t General 

The study objectives included evaluating the impact on the water 
quality of the Chattahoochee River due to modifications of the effluent 
from existing sewage treatment plants (STP's) and from storm water 
runoff. Several levels of treatment are being considered as part of 
the Atlanta Urban Study. The scope of this study, however, allows for 
evaluating only one of the levels under consideration by Metro Atlanta 
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with the remaining levels to be evaluated in further studies. 

The various levels of treatment under consideration are shown in 
table VI-2. The level identified as ABT-5" was selected by the Savannah 
District Corps of Engineers as the one level to be evaluated in this 
study. To be able to interface the treatment criteria provided with 
this specific modeling effort, it was necessary to make two assumptions. 
The level of treatment provided for P was assumed to be the same for 
PO^ and the suspended solids level was assumed to be 25% detritus 
(volatile solids). 

Modified Storm Water Runoff 

To evaluate the impact due to modified storm water runoff, the 
results from STORM (i.e. , quality of direct runoff) required modification 
prior to their use in calculating a mass balance with base flow in each 
tributary. Rather than correcting the data cards from STORM, the program 
logic was modified to check each water quality parameter from STORM 
against the BOD,., NH^, P and detritus (i.e., 25% of suspended solids) 
concentrations from table VI-2, treatment level ABT-5, and correct them 
to the specified level when appropriate. The DO concentration is not 
predicted by STORM, but whenever the base flow level was less than 6 mg/1, 
a mass balance between base flow and direct runoff was computed using 
the input value of DO for the base flow concentration and using 6 mg/1 
for the DO concentration in the direct runoff. 

Modified Sewage Treated Effluent 

Preparation of a data deck for evaluating the impact due to modified 
sewage treatment plant effluents required changing only a few cards in 
the data deck for existing conditions. The existing condition data deck 
was modified only when the STP effluent concentrations for BOD^, NH^, 

PO^ or detritus (i.e., 25% of suspended solids) exceeded the levels in 
table VI-2, treatment level ABT-5, or when the STP effluent concentrations 
for DO were less than 6 mg/1. Since reach I does not have any STP's, 
no evaluation in reach I was necessary. 


VI-23 







TABLE VI -2 
TREATMENT LEVELS 


Treatment 
el 


ouu 5 

( mg/1) 


Effluent Concentrations 


hh 3 -n 

Im/Jl 


P 

(m/ll 


D.O. 

(m/Jl 


Suspended 
Sol ids 


in 


5 

< 0.5 

< 0.1 

6.0 

< 2.0 

5 

1.0 

1.0 

6.0 


10 

2.0 

1.0 

6.0 


3U 

20.0 

10.0 

6.0 

30.0 

20 

3.0 

1.0 

6.0 

20.0 
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Comparison of Existing and Modified Conditions 


Storm Water Runoff 

The impact on water quality in the Chattahoochee River due to 
treating storm water runoff to the ABT-5 treatment level is insignif¬ 
icant under existing conditions. A relevant future study might be to 
evaluate this same impact after first improving the effluents from the 
major sewage treatment plants. 

Sewage Treatment Plant Effluent 

The impact on water quality in the Chattahoochee River due to 
improving treatment of sewage to the ABT-5 treatment level is quite 
insignificant. The improvements that can be expected in DO, NH. and 
PO^ are summarized in table VI-3 and the stream profiles with and with¬ 
out the improved treatment are compared in figures VI-17 through VI-19. 
These graphs compare the "worst" normally expected existing condition 
with the "average" improvement for the modified condition. This com¬ 
parison using the average improvement is considered to be more appro¬ 
priate than using the maximum improvement, but both statistics are 
shown in table VI-3. 

The DO improvement with ABT-5 treatment is significant but not 
sufficiently adequate to maintain a DO standard of 5 mg/1. 

Since the NH^ and PO^ concentrations without the improved treat¬ 
ment were already below the state standards in the reaches below the 
first treatment plant, the improved condition may appear to be of minor 
consequence. However, the resulting improved condition is seen in 
figures VI-18 and VI-19 to have much less change in concentration com¬ 
pared to the concentration upstream of the Atlanta gage. 

The predicted decrease in concentrations of the nutrients is 
sufficiently large to be of substantial potential significance in eutro¬ 
phication of the Chattahoochee River system. If these changes in stream 
quality are considered as to their potential Impact on water quality 
conditions in downstream impoundments (i.e., West Point Reservoir), the 
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TABLE VI -3 

CHATTAHOOCHEE RIVER WATER QUALITY IMPROVEMENTS 
DUE TO IMPROVED TREATMENT* OF SEWAGE 



Statistic of 


'arameter 

Improvement 

2 

DO (mg/1) 

Maximum 

+ .3 


Mean 

+ .2 

nh 3 

Maximum 

- .45 

(mg/1 as N) 

Mean 

- .30 

P0 4 

Maximum 

- .83 

(mg/1 as P) 

Mean 

- .56 


End of Reach 

3 4 

_5_ 

6 

+ .5 

+ .6 + 

.9 

+ .2 

+ .3 

+ .4 + 

.5 

+ .2 

- .55 

- .40 - 

.20 

- .10 

- .38 

- .29 - 

.16 



-1.03 .1. 

- .69 


♦Improved treatment to ABT-5 level in table VI-2 
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significance of the change is viewed in a more appropriate way. Res¬ 
ervoir modeling studies need to be conducted to evaluate the quantitative 
impact on West Point due to this predicted improvement in the inflow 
quality. 

The general conclusion from examination of figures Vl-17 through 
VI-19 would suggest evaluation of several more advanced levels of treat¬ 
ment and a balancing of their costs against increments of improvements. 
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VII. SENSITIVITY AND COMPARISON STUDIES 


R.M. Clayton Effluent 

On the State's records for R.M. Clayton sewage treatment plant effluent, 
there was a note suggesting significant quantities of unmonitored flow had 
bypassed the treatment system during the study period. Because the quanity 
and the quality of the bypassed material were unknown, the Chattahoochee 
River system was tested for sensitivity of error due to this loading. 

The quality of the monitored discharge was modified by increasing the 
BOD, NH^ and detritus (i.e., volatile solids). It was assumed that 50 per¬ 
cent of the raw sewage bypassed the treatment system and was a typical sewage 
os medium strength. 

Textbooks (14 and 15) suggest that medium strength raw sewage might have 
BOD, NH^ and detritus concentrations of 200, 30 and 250 mg/1 respectively. 
These raw sewage concentrations were evenly weighted with the estimated sew¬ 
age treated effluent concentrations and the river system was resimulated and 
compared with the "existing conditions" simulation. The main reason for the 
comparison was to identify how much of the error in prediction of DO was due 
to the unknown effluent from the R.M. Clayton plant. 

When the comparisons were made, the decrease in DO resulting from the 
increased loadings was .01 mg/1 after 1 mile, .1 mg/1 after 8 miles, and 
.4 mg/1 after 18 miles. While these differences are quite significant, they 
were obviously not the total source of error in the predicted DO as shown in 
table VI-1. 


Atmospheric Turbidity 

The WQRRS model has an input coefficient which indexes the atmospheric 
turbidity or particle density. The coefficient varies from 2 for an unpol¬ 
luted atmosphere to 5 for a highly polluted atmosphere. The higher this 
value, the more attenuation in short-wave radiation and therefore less warm¬ 
ing of the river water. The higher the atmospheric turbidity, the more heat- 




ing potential due to long-wave radiation and therefore more warming of the 
river water. While the short-wave attenuation and the increased long-wave 
radiation have opposite effects, the decreased short-wave warming apparently 
dominates. 

In reach I, simulations were made with the atmospheric turbidity equal 
to 2 and 3. The decrease in stream temperature was as large as .3°C (.54°F). 
While this is a significant increment, when other sources of potential error 
(e.g., unknown tributary inflow temperatures) are considered, a stream tem¬ 
perature error of .3°C seems less important. 

In the study, an atmospheric turbidity of 2 was used for analysis down 
to Morgan Falls, 3 was used from Morgan Falls to Camp Creek, and 2 was used 
again from Camp Creek to Franklin. 

DOSAG II Model Comparison 

The State of Georgia Environmental Protection Division (EPD) has per¬ 
formed computer modeling studies on this same reach of Chattahoochee River 
using a steady-state water quality model developed by the Texas Water Devel¬ 
opment Board and modified by EPD. The model, DOSAG II, predicts DO and BOD 
with known inputs for the same parameters for a given steady discharge at 
each inflow location. 

A comparison of results between DOSAG II and the WQRRS model (used in 
a steady flow/steady state mode) was made using the same loading but using 
different reaeration rates and geometry, for technical reasons. A detailed 
discussion of the comparison and a graphical display of the results is shown 
in appendix H. 
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APPENDIX A - DATA SOURCE CONTACTS 


Name 

Firm 

Phone 

Specialty 

Dave Callaway 

NOAA - Ashville, NC 

704-254-0203 

Weather Information 

John Drago 

Mobile Dist., Mobile, 

AL 

205-690-2737 

Reservoir Regulation 

Jim Duke 

WRE, Austin, TX 

512-345-6651 

Previous WQ Studies 

Jim Harris 

Mobile Dist., Mobile, 

AL 

205-690-2724 

WQ Data 

Roy Herwig 

Georgia EPD, Atlanta, 

GA 

404-656-4988 

Q and WQ Data 

Joe Hutton 

Mobile Dist., Mobile 

AL 

205-690-2691 

Cross-Section Data 

Harold Kerkhoff 

Gwinnett County, GA 

404-476-3311 

Gwinnett Intake Q 

Larry Lyons 

CofE, Atlanta, GA 

404-526-4435 

General Information 

Gary McDonald 

Mobile Dist., Mobile, 

AL 

205-690-2734 

Q Data 

Jim Motz 

Georgia Power, Atlanta, 
GA 

404-521-3400 

Q and WQ Data 

Larry Neal 

Georgia EPD, Atlanta, 

GA 

404-656-4988 

General Information 

Harold Reheis 

Georgia EPD, Atlanta, 

GA 

404-656-4708 

STP Data 

Gary Samples 

Cobb County, GA 

404-971-1911 

Cobb Intake Q Data 

Neal Spivey 

Atlanta Water Works, 

GA 

404-355-8234 

WQ Data 

Bill Stokes 

USGS, Atlanta, GA 

404-526-4858 

Q and WQ Data 

John Tapp 

EPA, Atlanta, GA 

404-526-2156 

General Information 

Max Woods 

Dekalb County, GA 

404-457-4776 

Dekalb Intake Q Data 
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U.S. WEATHER SERVICE METEOROLOGICAL DATA 
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Descrlption 
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PROJECT ORDER 


(See Reverse Side tor In at met ion m tor laauing Protact Order) 


OROERING COMPONENT 


ADDRESS 


f37 f**eo price 

O cost reimbursement 29 January 1975 


US ARMY ENGINFER DISTRICT. SACRAMENTO 
CORPS Of ENGINEERS (S-04167) 


National Climatic Center 
ATTN: Dave Callaway 


690 CAPITOL MALL 
SACRAACNTO. CALIFORNIA 95814 


PERFORMING ESTABLISHMENT 


ADDRESS 

Federal Building 
Asheville, NC 28801 


DELIVERY INSTRUCTIONS 


14. PROJECT ORDER NO* 

spk HEC-75-8 


. AMENDMENT H 


STATION NUMAER 


• ■ DESCRIPTION OF WORK TO BE PERFORMED AND OTHER INSTRUCTION! (U 
on Reverse Sido Hereof or Attach Additional Shoot•) 


tionei Spaca la Require 


Additional Instructiona: The a«oun( authorized by this order mmy not be exceeded without written 
authorisation from the ordering component (Item 3 above). Submit billing on Sf 1080 stonthly, and cite the 
order number shown in item 4 above, indicating either a partial or final billing , fteceipt of final billing 
wilt conatitute a termination of this order and an automatic withdrawal of any unuaed balance . 


Transfer of funds is made to pay for the following data as discussed In the 
telephone call between Dave Callaway and Robert G. Willey on 29 January 1975: 


Station 

Atlanta Airport 

The tapes should be prepared on 7-trac 
per record at a density of 556. O' 


Years 



Card Deck 144 format with 10 cards 


». DATE ORDERED 

29 Jan 75 

TYPED NAME ANO TITLE OF ORDERING OFFICER 

BILL S. EICHERT, Director, HEC 

ISICNATURE 

10 S. ACCOUNTING CLASSIFICATION 

96X4902 Revolving Fund, S04-167, (VW81 2010 000 0000) 

5. AMOUNT 

$90.00 


»». THIS ORDER IS PLACED IN ACCORDANCE WITH THE PROVISIONS OP 41 USC 23, AND DEPARTMENT OP DEFENSE DIRECTIVE 7220.1. 
WORK TO BE PERFORMED AND MATERIAL TO BE PROCURED PURSUANT TO THIS OFFER ARE PROPERLY CHARGEABLE TO THE 

APPROPRIATION OR OTHER ACCOUNTS INDICATED ABOVE UNTIL _.__ - -- 

(Dey • Month - Veer) 

THE EXPIRATION DATE OF THIS PROJECT ORDER. FUNDS IN THE AMOUNT INDICATED ABOVE HAVE BEEN COMMITTED AND 
WILL BE OBLIGATED UPON RECEIPT OF ACCEPTANCE COPY. 


TYPED NAME AND TITLE OF AUTHORIZING OFFICER 

H. A. DAMESYN 

FINANCE AND ACCOUNTING OFFICER (S-04167) 


THE ABOVE TERMS AND CONDITIONS ARE SATISFACTORY ANO ARE ACCEPTED. 


TYPED NAME AND TITLE OF ACCEPTING OFFICER 




























INSTRUCTIONS 


This form is intended for use by components of military de¬ 
partments in placing project orders with Government-owned 
and operated establishments within and outside the Depart¬ 
ment of Defense. 

ITEM l - Check appropriate box indicating type of project 
order; i.e., fixed price or coat reimbursement. 

ITEM 2 - Date of project order or amendment. 

ITEM 3 " Name and address of ordering component. 

ITEM 4 - Number assigned to project order by ordering com¬ 
ponent for control purposes. 

ITEM 5 - Number Assigned to project order amendment by 
ordering component for control purposes. Formal amend¬ 
ments shall be numbered consecutively. 

ITEM 6 - Name, address, and station number of performing 
establishment. 

ITEM 7 - Instructions for place; date and method of delivery, 
if applicable. If additional space is required, use Supple¬ 
mental Data Section below. 

ITEM 8 • Full description of work ordered (this may be 
incorporated by reference) and such other instructions as 
conditions of inspections, shipping, packing and* marking, 


etc. Use Supplemental Data Section or attach additional 
sheets if necessary. Limitations, if any, applicabla to the 
appropriations or other accounts relevant to this order are 
shown in the Supplemental Data Section below. 

ITF.M 9 - Self-explanatory. 

ITEM 10 _ Insert the complete accounting classifications 
chargeable and the amount of the project order or amend¬ 
ment. 

ITEM 11 - Insert in the spaces provided, the expiration 
date of the project order, the name, title and signature of 
officer or his authorized representative controlling or having 
responsibility for the administration of ths funds cited on 
the project order or amendment. Kf authorizing officer is 
other than one having fiscal responsibility, the ordering de¬ 
partment must have on file as support to the certificate, a 
written statement by such an officer substantiating the fis¬ 
cal portion of the certificate. 

ITEM 12 ‘ The performing establishment shall indicate ac¬ 
ceptance in this space. Duplicate, bearing acceptance 
date, name, title and signature of accepting officer shall be 
returned to the ordering component. If the performing estab¬ 
lishment is unable to accept the project order, it shall re¬ 
turn promptly the original project order form to the ordering 
office with appropriate explanation. 


SUPPLEMENTAL DATA SECTION 
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APPENDIX C 


CHATTAHOOCHEE RIVER FIELD INSPECTIONS 


By 

Carl W. Chen 
Tetra Tech, Inc. 
Lafayette, California 94549 


BACKGROUND AND PURPOSE 

The U.S. Army Corps of Engineers Hydrologic Engineering 
Center (HEC) is adapting a dynamic water quality ecologic model 
to the Chattahoochee River in Georgia. While the model can calcu¬ 
late the population dynamics of algae, zooplankton, benthic animals 
and fish, time and budget do not allow for a detailed calibration 
of that portion of the model. Since the primary purpose of the 
model will be to evaluate the transient water quality impact of ur¬ 
ban runoff and waste discharges, the biological section of the 
model was modified, on an interim basis, to remain constant dur¬ 
ing the simulation. 

To provide a good estimate of the biological "constant" and 
to become familiar with the general setting of the river, a field 
inspection with a helicopter was made on August 18, 1975. The 

crew included Mr. R. G. Willey of HEC, Mr. Larry Lyons of the 
Savannah District Corps of Engineers, Mr. Larry Neal of the 
Georgia Department of Natural Resources, Environmental Pro¬ 
tection Division, and myself. After the field trip, I had discus¬ 
sions with biologist, Mr. Daniel R, Holder of the Georgia Depart¬ 
ment of Natural Resources, Game and Fish Division, and Mr. R. M. 
Gaddis of the Georgia Department of Natural Resources, Environ- 


I’eport submitted to Hydrologic Engineering Center for a con¬ 
sulting assignment, Contract DACW05-5-76-P-048 l 
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mental Protection Division. Pertinent reports on water quality 
and biological surveys were reviewed. 

This brief report documents the findings of the field in¬ 
spection and the discussion with local field biologists. 

RIVER SETTING 

The headwater of the Chattahoochee River originates from 
Buford Dam behind Lake Lanier, a very clean body of water. 
Water is released for hydro-power generation during the peak 
hours of power demand on weekdays. The minimum flow of the 
river is 600 cfs. During the course of a day, the flow of the 
river can change drastically. 

The river is full of shoal areas with riffles and pools. 
Exceptions are the areas subject to the backwater effects of low 
level dams, i.e., Morgan Falls Dam and West Point. Shallow 
areas are approximately two to three feet deep and pool areas 
six feet deep. The velocity of the river flow is approximately 
one to three feet per second. 

The river banks are full of trees that may drop leaves 
into the river. Urban developments and spot deforestations along 
the river appear to contribute heavy sediment loads to the river. 
The turbidity increases as the river receives tributary flows 
downstream. 

FISHERY RESOURCES 

Before the construction of Buford Dam, the river was pri 
marlly full of warm water fish. The low level release of water 






from Buford Dam makes the upstream section of the river suit¬ 
able for cold water fish. 


Within the study area, the river can be divided into three 
sections in terms of fishery resources. The cold water section 
extends from Buford Dam to the Atlanta Water Works Intake. From 
Atlanta to Franklin is a section that has been polluted by sewage, 
industrial wastes and thermal discharges. From Franklin to 
West Point is a section that has recovered from upstream pol¬ 
lution. 


The water quality in Section I has been suitable for water 
supply and cold water fishery. Georgia Fish and Game has 
stocked this area with both fingerlings and trout of catchable size. 
Eighty thousand (80,000) fish per year of catchable size are planted 
from April to October. It is estimated that the standing crop of 
cold water fish is on the order of thirty (30) to fifty (50) lb/acre. 
This is equivalent to approximately thirty-five (35) to sixty (60) 
lb/river mile. For model simulation, five (5) Ib/mile may be 
used for cold water fish on a dry weight basis. For warm water 
fish and bottom feeders, one half (0. 5) lb/mile may be appro¬ 
priate . 


For Section II, it was felt that the river was too polluted 
to support any fishery. However, the low values of 0. 1 lb/mile 

for cold water fish and 2 lb/mile for warm water fish and bottom 
feeders may be assigned. 

For Section III, warm water fishery predominates. Fishery 
biologists feel that the standing crop of warm water fish should 
be on the order of 200 to 300 Ib/acre. In a pre-impoundment 
survey of the proposed West Point Reservoir, W. L. Shelton of 
Auburn University reported a value of 100 Ib/acre, pre dominantly 
sunfish (I,. Auritus', large mouth bass (N. Salmonoides), and 
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channel catfish (Panctatus). For model simulation, approximately 
12 to 15 Ib/mile of warm water fish on a dry weight basis is 
appropriate. Among them, 4 to 5 lb/mile are bottom feeders. 
Cold water fish may be 0. 5 lb/mile. 


ORGANIC SEDIMENT 

Total organic carbon in the water ranges from 1 to 7 
mg/l as C. The detritus content of the water is therefore 2 to 
14 mg/l. 

The solid content of organic sediment ranges from 60 to 
80 percent. The volatile solid fraction ranges from 2 to 6 per¬ 
cent. Chemical oxygen demand ranges from 20,000 to 68,000 
mg/kg. Assuming a specific gravity of 1.6 to 2.0 for sediment, 

the organic content in the top two (2) inches ol depth is calculated 

2 2 

to range from 5 g/m to 15 g/m . The low value is a reflection 
of flow characteristics as well as waste discharge conditions. 

2 

Based on this calculation, it is proposed that 10 g/m be 

used for river reaches that do not receive waste water discharges. 

2 

Downstream of waste discharges, 20 g/m of organic sediment 
may be assigned. For the river reaches subject to backwater 

2 

effects of a low level dam, organic sediment may be 150-200 g/m . 


ALGAL DENSITY 

Water released from Buford Dam contains little algae be¬ 
cause of the low level intake structure. River water is soft, con¬ 
taining little nutrients, i.e., 0.02 - 0. 15 mg/l NH^N, 0.02 - 0,05 
mg/l PO^P, 0.2-0. 7 mg/l NO^N. Flow is swift, providing little 
residence time for algal growth. 
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For these reasons, chlorophyll a content is low, i.e., 

0.5 to 2 jag/l. This is equivalent to 0.001 mg/1 of algae on a 
dry weight basis. This will have zero impact on the oxygen 
resources of the river. Oxygenation of the river water comes 
primarily from surface reaeration. 

Zooplankton density has not been reported. It may be 
presumed low, near zero. 

Benthic (periphyton) algae has been monitored by the U.S. 

Geological Survey. For the upstream section, the periphyton 

2 

density is on the order of 1. 1 g/m . In the polluted section, 

2 

non-chlorophyllous unit predominate (~ 3 g/m ). Downstream, 

2 

chlorophyllous periphyton grows to approximately 4 g/m . 


MACROINVERTEBRATES 

The benthic animal population was studied by submerging 
limestone substrate (LSS) in the river water for two months. 
Animals that colonized on the substrate were obtained for quali¬ 
tative and quantitative analysis. Surface areas of LSS were not 
reported. For this calculation, it is assumed to be one square 
foot. The estimated value can be adjusted accordingly when the 
surface area of LSS becomes available at a later date. 

The benthic animal densities were reported to be 0.538 
g/LSS at Cobb County water intake, 0. 366 g/LSS at Georgia High¬ 
way 92 bridge, and 0. 127 g/LSS at U.S. Highway 27 bridge. It 
is not known if the biomass was expressed in dry or wet weight. 
Judging from the relative order of magnitude, they are presumed 

to be wet weight. Assuming the surface area of LSS to be one 

2 2 

square foot, these values are converted to 5.8 g/m , 3.9 g/m , 

2 

and 1.4 g/m respectively. 
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The biomass by the LSS method represents only that 
fraction of animals favoring stone strata. There is no known 
ratio between LSS biomass to total biomass. 

Estimates can only be made on a rough basis. For the 
model, it is proposed to use the following data. 

2 

1. From Buford Dam to Gwinnett Intake 0.3 g/m 

2 

2. From Gwinnett Intake to Dekalb Intake 0.6 g/m 

2 

3. From Dekalb Intake to Morgan Falls Dam 1.0 g/m 

2 

4. From Atlanta to Franklin 0.2 g/m , and 

2 

5. From Franklin to Westport 0.6 g/m 

All the values are on a dry weight basis. It must be 
noted that benthic animal biomass in the upper clean water 
reaches will be mostly insects. From Atlanta to Franklin, they 
will be mostly oligochaet worms. From Franklin to West Point, 
a mixture of both will exist on the substrate. 
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INFLOW QUALITY 


Buford Dam Release 
River Vile 456.2 


Parameter 


Source 

Remarks 

Quality 

TEMP 

°F 


Mobile Dlst. 

dally grab - 
sample 

52 

OXY 

mg/1 


Mobile Dist. 

time variant 

y 

B0D5 

mg/1 


AWW 

mean of 
grab samples 

O.B 

COLIF 

col./lOO ml 


AW 

mean of 
qrab samples 

10 

DETRITUS mg/1 


estimate 


.60 

NH3 

mg/1 (N) 


AW 

mean of 
grab samples 

0.13 

N03 

mg/1 (N) 


AWW 

mean of 
qrab samples 

0.39 

N02 

mg/1 (N) 


estimate 


0.01 

P04 

mg/1 (P) 


AWW 

mean of 
grab samples 

0.05 

TDS 

mg/1 


AWW 

mean of 
grab samples 

33 

ALGAE(l) mg/1 


estimate 


.08 

ALGAE(2) mg/1 


estimate 


.04 

ZOO 

mg/1 


estimate 


.006 

PH 



Mobile Dist. 

dally grab ^ 
sample 

6.6 

ALKA 

1/ see 

mg/1 
(CaC0 3 ) 
flqure D - 

1 

AWW 

mean of 
qrab sample 

10.5 

2/ see 

figure 0 - 

3 




3/ see 

flqure D - 

2 
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X ESTIMATED DATA 



Figure D-2. BUFORD pH vs TIME 












Figure D-3 BUFORD DO vs TIME 






INFLOW QUALITY 


Buford Local 
River Mile 451.2 


Parameter 

Source 

Remarks 

Ouality 

TEMP 


°F 


time variant 
estimate 

1/ 

OXY 


mg/1 

estimate 


8 

B0D5 


mg/1 

estimate 


1 

COLIF 

col./TOO ml 

estimate 


100 

DETRITUS 

mg/1 

estimate 


0.5 

NH3 


mg/1 (N) 

estimate 


.1 

N03 


mg/1 (N) 

estimate 


A 

N02 


mg/1 (N) 

estimate 


0.01 

P04 


mg/1 (P) 

estimate 


0.20 

TDS 


mg/1 

estimate 


50 

ALGAE(1) 

mg/1 

estimate 


.001 

ALGAE(2) 

mg/1 

estimate 


.005 

ZOO 


mg/1 

estimate 


.001 

PH 



estimate 


7.5 

ALKA 


mg/1 

(CaC0 3 ) 

estimate 


15 

y 

dally air temperature 

minus 3° F 
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INFLOW QUALITY 


Suwannee Creek 
River Mile 445.6 


Parameter 

Source 

Remarks 

Dual1ty 

TEMP 

°F 


time variant 
estimate 

y 

OXY 

mg/1 

AWW 

mean of 
grab samples 

7.9 

B0D5 

mg/1 

AWW 

mean of 
qrab samples 

2.2 

COLIF col./100 ml 

AWW 

mean monthly 

Aug. 7400 
Sep. 4200 
Oct. 560 

DETRITUS 

mg/1 

estimate 


3 

NH3 

mg/1 (N) 

AWW 

mean of 
grab samples 

0.30 

N03 

mg/1 (N) 

AWW 

mean of 
grab samples 

0.70 

N02 

mg/1 (N) 

estimate 


0.01 

P04 

mg/1 (P) 

AWW 

mean of 
grab samples 

0.10 

TDS 

mg/1 

AWW 

mean of 
grab samples 

96 

ALGAE(l) 

mg/1 

estimate 


.04 

ALGAE(2) 

mg/1 

estimate 


.06 

ZOO 

mg/1 

estimate 


.01 

PH 


anw 

mean of 
grab samples 

7.1 

ALKA 

mg/1 

(CaC0 3 ) 

AWW 

mean of 
grab samples 

27 


1/ dally air temperature minus 3° F 
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INFLOW QUALITY 





Johns Creek 

Piver Mile 436.8 


Parameter 

Source 

Remarks 

Quality 

TEMP 

°F 


time variant 
estimate 

y 

OXY 

mg/1 

estimate 


8 

B005 

mg/1 

estimate 


1 

COLIF col./100 ml 

estimate 


100 

DETRITUS 

mg/1 

estimate 


1 

NH3 

mg/1 (N) 

estimate 


.1 

N03 

mg/1 (N) 

estimate 


.4 

N02 

mg/1 (N) 

estimate 


.01 

P04 

mg/1 (P) 

estimate 


.20 

TDS 

mg/1 

estimate 


50 

ALGAE(l) 

mg/1 

estimate 


.02 

ALGAE(2) 

mg/1 

estimate 


.04 

ZOO 

mg/1 

estimate 


.006 

PH 


estimate 


7.5 

ALKA 

mg/1 

(CaC0 3 ) 

estimate 


15 


V dally air temperature minus 3° F 
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INFLOW QUALITY 


Chattahoochee Local 
'liver Mile 432.2 


Parameter 

Source 

Remarks 

Quality 

TEMP 

°F 


time variant 
estimate 

1/ 

OXY 

mg/1 

estimate 


8 

BOD5 

mg/1 

estimate 


1 

COLIF col./100 ml 

estimate 


100 

DETRITUS 

mg/1 

estimate 


1 

NH3 

mg/1 (N) 

estimate 


.1 

NO 3 

mg/1 (N) 

estimate 


.4 

N02 

mg/1 (N) 

estimate 


.01 

P04 

mg/1 (P) 

estimate 


.20 

TDS 

mg/1 

estimate 


50 

ALGAE(l) 

mg/1 

estimate 


.001 

ALGAE(2) 

mg/1 

estimate 


.005 

ZOO 

mg/1 

estimate 


.001 

PH 


estimate 


7.5 

ALKA 

mg/1 

(CaC0 3 ) 

estimate 


15 


1/ daily air temperature minus 3° F 
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INFLOW QUALITY 


Biq Creek 
River Mile 424.0 


Parameter 

Source 

Remarks 

Quality 

TEMP 

°F 

FPD 

mean monthly 

Aug. 71 
Sep. 66 
Oct. 5 Q 

OXY 

mg/1 

AMW 

mean of 
grab samples 

8.5 

B0D5 

mg/1 

AWW 

mean of 
grab samples 

1.1 

COLIF col./TOO ml 

aww 

mean monthly 

Aug. 3500 
Sep. 2600 
Oct. 2200 

DETRITUS 

mg/1 

estimate 


5 

NH3 

mg/1 (N) 

A'-IW 

mean of 
grab samples 

.08 

N03 

mg/1 (N) 

AWW 

mean of 
grab samples 

0.45 

N02 

mg/1 (N) 

estimate 


.01 

P04 

mg/1 (P) 

AWW 

mean of 
grab samples 

0.17 

TDS 

mg/1 

AW 

mean of 
grab samples 

60 

ALGAE(l) 

mg/1 

estimate 


.03 

ALGAE(2) 

mg/1 

estimate 


.05 

ZOO 

mg/1 

estimate 


.008 

PH 


A'-IW 

mean of 
grab samples 

7.2 

ALKA 

mg/1 

(CaC0 3 ) 

AWW 

mean of 
grab samples 

21 
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INFLOW QUALITY 


Wllleo Creek 
River Mile 422.7 


Parameter 

Source 

Remarks 

Quality 

TEMP 

°F 


time variant 

1/ 




estimate 


OXY 

mg/1 

estimate - 


6 

B0D5 

mg/1 

estimate 


20 

COLIF col 

I./100 ml 

estimate 


400 

DETRITUS 

mg/1 

estimate 


10 

NH3 

mg/1 (N) 

estimate 


1.00 

N03 

mg/1 (N) 

estimate 


0.50 

N02 

mg/1 (N) 

estimate 


0.01 

P04 

mg/1 (P) 

estimate 


1.00 

TDS 

mg/1 

estimate 


100 

ALGAE(l) 

mg/1 

estimate 


.Ofi 

ALGAE(2) 

mg/1 

estimate 


.12 

ZOO 

mg/1 

estimate 


.02 

PH 


estimate 


7.4 

ALKA 

mg/1 

estimate 


50 


(CaC0 3 ) 

1 J daily air temperature minus 3° F 

2/ estimates include waste discharges into tributary 
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INFLOW QUALI TV 


Sope Creek 
River Mjle 416.2 


Parameter 

Source 

Remarks 

Quality 

TEMP 

°F 


time variant 
estimate 

V 

OXY 

mg/1 

AW 

mean of 
qrab samples 

7.7 

BOD5 

mg/1 

AW 

mean of 
qrab samples 

15.9 

COLIF col./100 ml 

AW 

mean monthly 

Auq. 16001(2/ 
Sep. 1195K 
Oct. 4.43K 

DETRITUS 

mg/1 

estimate 


5.1 

NH3 

mg/1 (N) 

AW 

mean of 
qrab samples 

1.62 

N03 

mg/1 (N) 

AW 

mean of 
qrab samples 

.45 

N02 

mg/1 (N) 

estimate 


0.01 

P04 

mg/1 (P) 

AW 

mean of 
grab samples 

1.57 

TDS 

mg/1 

AWW 

mean of 
qrab samples 

10Q 

ALGAE(l) 

mg/1 

estimate 


.o/» 

ALGAE(2) 

mg/1 

estimate 


.06 

ZOO 

mg/1 

estimate 


.01 

PH 


AW 

mean of 
qrab samples 

7.4 

ALKA 

mg/1 

(CaC0 3 ) 

AW 

mean of 
qrab samples 

43 


1/ dally air temperature minus 3° F 

y k - looo's 




INFLOW QUALITY 


Lonq Island Creek 
River Mile 412.2 


Parameter 

Source 

Remarks 

Quality 

TEMP 

OXY 

°F 

Al'fW 

mean monthly 

Aug. 72.5 
Sep. 67.1 
Oct. 53.6 

mg/1 

AHW 

grab sample 

8.7 




mean 


B0D5 

mg/1 

AWW 

grab sample 
mean 

n.7 

COLIF col./lOO ml 

A'»W 

mean monthly 

Aug. 4100 

DETRITUS 

mg/1 



Sep. 550 
Oct. 400 

estimate 


1.4 

NH3 

mg/1 (N) 

AHW 

grab sample 
mean 

.11 

N03 

mg/1 (N) 

ahw 

grab sample 
mean 

.11 

N02 

mg/1 (N) 

estimate 


.01 

P04 

mg/1 (P) 

AHW 

grab sample 
mean 

.06 

TDS 

mg/1 

mi 

grab sample 
mean 

64 

ALGAE(l) 

mg/1 

estimate 


.030 

ALGAE(2) 

mg/1 

estimate 


.015 

ZOO 

mg/1 

estimate 


.005 

PH 


AHW 

grab sample 
mean 

7.4 

ALKA 

t 

mg/1 

(CaC0 3 ) 

AHW 

grab sample 
mean 

32 



INFLOW QUALITY 


Rottenwood Creek 
River Mile 411.9 


Parameter 

Source 

Remarks 

Quality 

TEMP 

°F 


time variant 
estimate 

1/ 

OXY 

mg/1 

AW 

mean of 
qrab samnles 

9.2 

B0D5 

mg/1 

AW 

mean of 
grab samples 

1.8 

COLIF col./100 ml 

AWW 

mean monthly 

Auq. 16.9K^/ 
Sep. 12.5K 
Oct. 9.3K 

DETRITUS 

mg/1 

estimate 


5 

NH3 

mg/1 (N) 

Ai-m 

mean of 
grab samples 

.16 

N03 

mg/1 (N) 

AWW 

mean of 
qrab samples 

.29 

N02 

mg/1 (N) 

estimate 


0.01 

P04 

mg/1 (P) 

AWW 

mean of 
grab samples 

.18 

TDS 

mg/1 

AWW 

mean of 
qrab samples 

69 

ALGAE(l) 

mg/1 

estimate 


0 

ALGAE(2) 

mg/1 

estimate 


0 

ZOO 

mg/1 

estimate 


0 

PH 


AWW 

mean of 
qrab samples 

7.5 

ALKA 

mg/1 

(CaC0 3 ) 

A’-fW 

mean of 
qrab samples 

26 


V dally air temperature minus 3° F 
2/ K ■ lUOU's 


0-12 



INFLOW QUALITY 


Peachtree Creek 
giver Mile 408.1 


Parameter 

Source 

Remarks 

Quality 

TEMP 

°F 

fpd 

mean monthly 

Auq. 78 
Sep. 73 
net. 64 

OXY 

mg/1 

AWW, USGS 

mean of 
grab samples 

8.3 

BOD5 

mg/1 

aww, uses 

mean of 
qrab samples 

4.1 

COLIF col. /100 ml 

AWW 

mean monthly 

Aug. 20ld/ 
Sep. 10K 





Oct. 4.6K 

DETRITUS 

mg/1 

estimate 


15 

NH3 

mg/1 (N) 

AWW, USGS 

mean of 
grab samples 

.13 

N03 

mg/1 (N) 

AWW 

mean of 
grab samples 

.65 

N02 

mg/1 (N) 

estimate 


0.01 

P04 

mg/1 (P) 

AWW, USGS 

mean of 
grab samples 

.06 

TDS 

mg/1 

AWW 

mean of 
grab samples 

99 

ALGAE(l) 

mg/1 

estimate 


0 

ALGAE(2) 

mg/1 

estimate 


0 

ZOO 

mg/1 

estimate 


0 

PH 


AWW, USGS 

mean of 
grab samples 

7.4 

ALKA 

mg/1 

(CaC0 3 ) 

AWW, IJSGS 

mean of 
grab samples 

41 

1/ K 

- 1000's 






INFLOW QUALITY 





R.M. Clayton STP 
River Mile 40R.Q 


Parameter 

Source 

Remarks 

Quality 

TEMP 

°F 


time variant 
estimate 

V 

OXY 

mg/1 

estimate 


0 

B005 

mg/1 

Plant records 

mean 

64 

COLIF col./lOO ml 

estimate 


200 

DETRITUS 

mg/1 

estimate 


16 

NH3 

mg/1 (N) 

estimate 


9 

N03 

mg/1 (N) 

estimate 


1R 

N02 

mg/1 (N) 

estimate 


.05 

P04 

mg/1 (P) 

estimate 


12 

TDS 

mg/1 

estimate 


250 

ALGAE(l) 

mg/1 

estimate 


0 

ALGAE(2) 

mg/1 

estimate 


0 

ZOO 

mg/1 

estimate 


.02 

PH 


estimate 


7.5 

ALKA 

mg/1 

(CaC0 3 ) 

estimate 


100 


1/ daily air temperature minus 3° F 
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INFLOW QUALITY 


Chattahoochee River STP 




River Mile 408.0 


Parameter 

Source 

Remarks 

Quality 

TEMP 

°F 


time variant 
estimate 

y 

OXY 

mg/1 

estimate 


0 

B005 

mg/1 

Plant records 

mean monthly 

Aug. 5 
Sep. 4 





Oct. 7 

COLIF col./100 ml 

estimate 


Auq. 200 
Sep. 7 
Oct. 100 

DETRITUS 

mg/1 

estimate 


Aug. 2 
Sep. 3 
Oct. 5 

NH3 

mg/1 (N) 

estimate 


9 

N03 

mg/1 (N) 

estimate 


18 

N02 

mg/1 (N) 

estimate 


.05 

P04 

mg/1 (P) 

estimate 


12 

TDS 

mg/1 

estimate 


250 

ALGAE(1) 

mg/1 

estimate 


0 

ALGAE(2) 

mg/1 

estimate 


0 

ZOO 

mg/1 

estimate 


.02 

PH 


Plant records 

mean monthly 

Aug. 6.9 
Sep. 6.7 
Oct. 6.7 

ALKA 

mg/1 

(CaC0 3 ) 

estimate 

. A _ 


100 


\J daily air temperature minus 3° F 


INFLOW QUALITY 


Parameter 
TEMP °F 

OXY mg/1 


B0D5 

mg/1 


COLIF col./100 ml 

DETRITUS 

mg/1 


NH3 

mg/1 

(N) 

N03 

mg/1 

(N) 

N02 

mg/1 

(N) 

P04 

mg/1 

(P) 

TDS 

mg/1 


ALGAE(1) 

mg/1 


ALGAE(2) 

mg/1 


ZOO 

mg/1 


PH 



ALKA 

mg/1 



(CaC0 3 ) 

1/ chanqe between Inflay and outflow temperature * 15.1° F 

U all parameters except temperature are assumed equal to river quality 


Plants Atkinson - McDonough 
_ Elver Mile 4Q7.fl 


Source 

Remarks 

Qual 1 tj 

GP 

GP plant 
capacity 

1 / 

estimate 


y 




INFLOW QUALITY 


Proctor Creek 
River Mile 405.0 


Parameter 

Source 

Remarks 

Qual1ty 

TEMP 

°F 


time variant 
estimate 

1 / 

OXY 

mg/1 

estimate ^ 


8 

B0D5 

mg/1 

estimate 


3 

COLIF col./100 ml 

estimate 


in,non 

DETRITUS 

mg/1 

estimate 


5 

NH3 

mg/1 (N) 

estimate 


.20 

N03 

mg/1 (N) 

estimate 


0.30 

N02 

mg/1 (N) 

estimate 


o.m 

P04 

mg/1 (P) 

estimate 


0.20 

TDS 

mg/1 

estimate 


100 

ALGAE(l) 

mg/1 

estimate 


.040 

ALGAE(2) 

mg/1 

estimate 


.020 

ZOO 

mg/1 

estimate 


.OOfi 

PH 


estimate 


7.5 

ALKA mg/1 

(CaC0 3 ) 

estimate 


30 


11 dally air temperature minus 3° F 
y estimates Include waste discharges into tributary 
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INFLOW QUALITY 





Nickajack Creek 
River Mile 403.2 


Parameter 

Source 

Remarks 

Quality 

TEMP 

°F 


time variant 
estimate 

y 

OXY 

mg/1 

?/ 

estimate — 


8 

BOD5 

mg/1 

estimate 


3 

COLIF col./lOO ml 

estimate 


10,000 

DETRITUS 

mg/1 

estimate 


5 

NH3 

mg/1 (N) 

estimate 


.20 

N03 

mg/1 (N) 

estimate 


0.30 

N02 

mg/1 (N) 

estimate 


0.01 

P04 

mg/1 (P) 

estimate 


0.20 

TDS 

mg/1 

estimate 


100 

ALGAE(l) 

mg/1 

estimate 


.040 

ALGAE(2) 

mg/1 

estimate 


.020 

ZOO 

mg/1 

estimate 


.006 

PH 


estimate 


7.5 

ALKA 

mg/1 

(CaC0 3 ) 

estimate 


30 

y dally air temperature minus 3° F 
y estimates Include waste discharges Into tributary 
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INFLOW QUALITY 


Sandy Creek 
River Mile 401.1 


Parameter 

Source 

Remarks 

Quality 

TEMP 

°F 


time variant 
estimate 

11 

OXY 

mg/1 

estimate —^ 


8 

B0D5 

mg/1 

estimate 


3 

COLIF col./lOO ml 

estimate 


10,000 

DETRITUS 

mg/1 

estimate 


5 

NH3 

mg/1 (N) 

estimate 


.20 

N03 

mg/1 (N) 

estimate 


0.30 

N02 

mg/1 (N) 

estimate 


.01 

P 04 

mg/1 (P) 

estimate 


.20 

TQS 

mg/1 

estimate 


10 0 

ALGAE(l) 

mg/1 

estimate 


.040 

ALGAE(2) 

mg/1 

estimate 


.020 

200 

mg/1 

estimate 


.006 

PH 


estimate 


7.5 

ALKA mg/1 

(CaC0 3 ) 

estimate 


30 


1 / tolly air temperature minus 3° F 
y estimates include waste discharges into tributary 


0-19 



INFLOW QUALITY 


Sandy Creek STP 
River Mile 403.1 


Parameter 

Source 

Remarks 

Quality 

TEMP 

°F 


time variant 
estimate 

1 / 

OXY 

mg/1 

estimate 


0 

B0D5 

mg/1 

Plant records 

mean 

12 fi 

COLIF col 

I./100 ml 

estimate 


200 

DETRITUS 

mg/1 

estimate 


17 

NH3 

mg/1 (N) 

estimate 


9 

N03 

mg/1 (N) 

estimate 


10 

N02 

mg/1 (N) 

estimate 


.05 

P04 

mg/1 (P) 

estimate 


12 

TDS 

mg/1 

estimate 


250 

ALGAE(l) 

mg/1 

estimate 


0 

ALGAE(2) 

mg/1 

estimate 


0 

ZOO 

mg/1 

estimate 


.02 

PH 


estimate 


7.5 

ALKA 

mg/1 

estimate 


100 


(CaC0 3 ) 

1/ daily air temperature minus 3° F 


0-20 




INFLOW QUALITY 





South Cobb STP 
River Mile 401.3 


Parameter 

Source 

Remarks 

Quality 

TEMP 

°F 


time variant 
estimate 

V 

OXY 

mg/1 

estimate 


0 

B0D5 

mg/1 

Plant records 

mean monthly 

Auq. 15 
Sep. 113 

COLIF col./lOO ml 

Plant records 

mean monthly 

Oct. 26 
Auq. 7 
Sep. 200 

DETRITUS 

mg/1 

Plant records 

mean monthly 

Oct. 7 
Aug. 2 
Sep. 22 

NH3 

mg/1 (N) 

estimate 


Oct. 5 
q 

N03 

mg/1 (N) 

estimate 


18 

N02 

mg/1 (N) 

estimate 


.05 

P04 

mg/1 (P) 

estimate 


12 

TDS 

mg/1 

estimate 


250 

ALGAE(l) 

mg/1 

estimate 


0 

ALGAE(2) 

mg/1 

estimate 


0 

ZOO 

mg/1 

estimate 


.02 

PH 


Plant records 

mean 

7.0 

ALKA mg/1 

(CaC0 3 ) 

estimate 


100 


11 daily air temperature minus 3° F 


0-21 




inflow quality 


Parameter 


Source 


Fulco STP 
River Mile 400,6 

Remarks 


Quality 


TEMP 

°F 


time variant 
estimate 

y 

OXY 

mg/1 

estimate 


0 

BODS 

mg/1 

Plant records 

mean 

300 

COLIF 

4 . 

col./100 ml 

estimate 


i ,ono,non 

DETRITUS mg/1 

Plant records 

mean 

34 

NH3 

mg/1 (N) 

estimate 


so 

N03 

mg/1 (N) 

estimate 


.4 

N02 

mg/1 (N) 

estimate 


.10 

P04 

mg/1 (P) 

estimate 


12 

TDS 

mg/1 

estimate 


250 

ALGAE(l) mg/ 1 

estimate 


0 

ALGAE(2) mg/1 

estimate 


0 

ZOO 

mg/1 

estimate 


0 

PH 


estimate 


7.5 

ALKA 

mg/1 

(CaC0 3 ) 

estimate 


100 

y 

daily air temperature 

minus 3° F 
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inflow quality 




Utoy Creek 

Qiver Mile 3*W.O 


Parameter 

Source 

Remarks. 

Quality 

V 

TEMP 

°F 


time variant 
estimate 

OXY 

mg/1 

, * 2/ 
estimate - 


0 

BOD5 

mg/1 

estimate 


2 

COLIF 

col./100 ml 

estimate 


in.ooo 

DETRITUS mg/1 

estimate 


5 

NH3 

mg/1 (N) 

estimate 


0.20 

N03 

mg/1 (N) 

estimate 


0.30 

N02 

mg/1 (N) 

estimate 


0.01 

P04 

mg/1 (P) 

estimate 


0.20 

TDS 

mg/1 

estimate 


100 

ALGAE(l) mg/1 

estimate 


.040 

ALGAE(2) mg/1 

estimate 


.020 

ZOO 

mg/1 

estimate 


.006 

PH 


estimate 


7.5 

ALKA , "9/' 

(CaC 03 ) 

estimate 


30 

V 

2/ 

daily air temperature minus 3° F 
estimates include waste discharges 

into tributary 
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inflow quality 


Utoy Creek STP 
River Mile 390.0 


Parameter 

TEMP °F 

Source 

Remarks 

time variant 
estimate 

Quality 

1/ 

OXY 

mg/1 

estimate 


0 

B0D5 

mg/1 

estimate 


20 

COLIF col./100 ml 

estimate 


200 

DETRITUS 

mg/1 

estimate 


6 

NH3 

mg/1 (N) 

estimate 


Q 

N03 

mg/1 (N) 

estimate 


18 

N02 

mg/1 (N) 

estimate 


.05 

P04 

mg/1 (P) 

estimate 


12 

TDS 

mg/1 

estimate 


250 

ALGAE(l) 

mg/1 

estimate 


0 

ALGAE(2) 

mg/1 

estimate 


0 

ZOO 

mg/1 

estimate 


.02 

PH 


estimate 


7.5 

ALKA 

mg/1 

/CaC0 3 ) 

estimate 


100 

1/ dally air temperature 

minus 3° F 
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INFLOW QUALITY 


Parameter 

Source 

Sweetwater Creek 
River Mile 396.? 
Remarks 

Quality 

TEMP 

°F 

EPD 

mean .monthly 

Aug 74 

OXY 

mg/1 

USGS 

mean of 

Sep 68 
Oct 59 

6 

BOD5 

mg/1 

USGS 

grab samples 

mean of 

3.6 

COLIF col 

.7100 ml 

USGS 

grab samples 

mean of 

7500 

DETRITUS 

mg/1 

estimate 

grab samples 


NH3 

mg/1 (N) 

USGS 

mean of 
grab samples 

.20 

N03 

mg/1 (N) 

USGS 

mean of 
grab samples 

.24 

N02 

mg/1 (N) 

estimate 


.01 

P04 

mg/1 (P) 

USGS 

mean of 
grab samples 

.17 

TDS 

mg/1 

estimate 


50 

ALGAE(l) 

mg/1 

estimate 


0 

ALGAE(2) 

mg/1 

estimate 


0 

ZOO 

mg/1 

estimate 


0 

PH 


USGS 

mean of 
grab samples 

7 

ALKA mg/1 

(CaC0 3 ) 

USGS 

mean of 
grab samples 

32 
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INFLOW QUALITY 


Camp Creek 
River Mile 391.2 


Parameter 

Source 

Remarks 

Quality 

TEMP 

o r 

EPO 

mean monthly 

Aug 77 

r 

(N. Fork Camp Cr.) 

Sep 73 

Oct 65 


estimate ^ 

OXY 

mg/l 


8 

B0D5 

mg/1 

estimate 


3 

COLIF col./100 ml 

estimate 


10,000 

DETRITUS 

mg/l 

estimate 


5 

NH3 

mg/l (N) 

estimate 


0.20 

N03 

mg/l (N) 

estimate 


0.30 

NOZ 

mg/l (N) 

estimate 


0.01 

P04 

mg/l (P) 

estimate 


0.20 

TDS 

mg/l 

estimate 


100 





.040 

ALGAE(l) 

mg/l 

estimate 


.020 

ALGAE(2) 

mg/l 

estimate 


.006 

ZOO 

mg/l 

estimate 


7.5 

PH 


estimate 


30 

ALKA 

mg/l 

(CaC0 3 ) 

estimate 




Estimates Include waste discharges into tributary 


INFLOW QUALITY 


Parameter 

Source 

Camp Creek STP 
River Mile 391.2 
Remarks 

Quality 

TEMP 

°F 


time variant 
estimate 

1/ 

OXY 

mg/1 

estimate 


0 

B0D5 

mg/1 

estimate 


50 

COLIF col./lOO ml 

estimate 


200 

DETRITUS 

mg/1 

estimate 


13 

NH3 

mg/1 (N) 

estimate 


9 

N03 

mg/1 (N) 

estimate 


18 

N02 

mg/1 (N) 

estimate 


.05 

P04 

mg/1 (P) 

estimate 


12 

TDS 

mg/1 

estimate 


250 

ALGAE(l) 

mg/1 

estimate 


0 

ALGAE(2) 

mg/1 

estimate 


0 

ZOO 

mg/1 

estimate 


.02 

PH 


estimate 


7.5 

ALKA mg/1 

(CaC0 3 ) 

estimate 


100 

•^Daily air temperature minus 

3°F 




0-27 



inflow quality 




Anneewakee Creek 
River Mile 389.1 

Oual1ty 

1 J 

Parameter 

TEMP °F 

Source 

Remarks 

time variant 
estimate 

OXY mg/1 

estimate 


8.0 

BOD5 mg/1 

estimate 


3.0 

COLIF col./100 ml 

estimate 

10,000 

DETRITUS mg/1 

estimate 


5.0 

NH3 mg/1 (N) 

estimate 


0.20 

N03 mg/1 (N) 

estimate 


0.30 

N02 mg/1 (N) 

estimate 


0.01 

P04 mg/1 (P) 

estimate 


0.20 

TOS mg/1 

estimate 


100 

ALGAE(l) mg/1 

estimate 


.040 

ALGAE(2) mg/1 

estimate 


.020 

ZOO mg/1 

estimate 


.006 

PH 

estimate 


7.5 

ALKA mg/1 

(CaC0 3 ) 

estimate 


30 

I/paily air temperature 

minus 3°F 
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INFLOW QUALITY 


Parameter Sourc e 


TEMP 

°F 


OXY 

mg/1 

est.^ 

80D5 

mg/1 

est. 

COLIF col./lOO ml 

est. 

DETRITUS 

mg/1 

est. 

NH3 

mg/1 (N) 

est. 

N03 

mg/1 (N) 

est. 


Bear Creek 
River Mile 382,7 

Remarks Quality 

time variant 1/ 

estimate 

8.5 

1.5 

400 

1 

.01 

.20 


N02 

mg/1 (N) 

est. 

.Ul 

P04 

mg/1 (P) 

est. 

.02 

TDS 

mg/1 

est. 

50 




.03 

ALGAE(l) 

mg/1 

est. 


ALGAE(2) 

mg/1 

est. 

.02 

ZOO 

mg/1 

est. 

.005 

PH 


est. 

7.2 

ALKA 

mg/1 

est. 

15 


(CaC0 3 ) 



V Daily air temperature minus 

3°F 



^/Estimates based on known average data for Dog River 

D-2§ 


4 


INFLOW QUALITY 


Hog River 
River Mile 302.2 


Parameter 

Source 

Remarks 

Quality 

TEMP 

°F 


time variant 
estimate 

1/ 

OXY 

mg/1 

USGS 

mean of 
grab samples 

8.6 

B0D5 

mg/1 

ijsns 

mean of 
grab samples 

1.4 

COLIF col./lOO ml 

USGS 

mean of 
grab samples 

390 

DETRITUS 

mg/1 

estimate 


1 

NH3 

mg/1 (N) 

uses 

mean of 
qrab samples 

0.01 

N03 

mg/1 (N) 

USGS 

mean of 
grab samples 

0.17 

N02 

mg/1 (N) 

USGS 

mean of 
grab samples 

0.01 

P04 

mg/1 (P) 

usgs 

mean of 
grab samples 

0.02 

TDS 

mg/1 

estimate 


50 

ALGAE(l) 

mg/1 

estimate 


.03 

ALGAE(2) 

mg/1 

estimate 


.02 

ZOO 

mg/1 

estimate 


.005 

PH 


USGS 

mean of 
grab samples 

7.2 

ALKA 

mg/1 

(CaC0 3 ) 

USGS 

mean of 
grab samples 

15 


1/ dally air temperature minus 3° F 


0-30 




INFLOW QUALITY 


Local 

River Mile m2 


Parameter 

Source 

Remarks 

Quality 

TEMP 

°F 


time variant 
estimate 

y 

OXY 

mg/1 

2/ 

estimate —' 


8.5 

BOD5 

mg/1 

estimate 


1.5 

COLIF col./lOO ml 

estimate 


400 

DETRITUS 

mg/1 

estimate 


1 

NH3 

mg/1 (N) 

estimate 


.01 

N03 

mg/1 (N) 

estimate 


.20 

N02 

mg/1 (N) 

estimate 


.01 

P04 

mg/1 (P) 

estimate 


.02 

TDS 

mg/1 

estimate 


50 

ALGAE(l) 

mg/1 

estimate 


.03 

ALGAE(2) 

mg/1 

estimate 


.02 

ZOO 

mg/1 

estimate 


.005 

PH 


estimate 


7.2 

ALKA 

mg/1 

(CaC0 3 ) 

estimate 


15 

y daily air temperature minus 3° F 




2/ estimates based on known average data for Dog River 
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INFLOW QUALITY 





Snake Creek 

River Mile 359.3 


Parameter 

Source 

Remarks 

Qual1ty 

TEMP 

°F 

EPD 

estimate — 

mean monthly 

4ug. 74 
Sep. 69 
Oct. 62 

OXY 

mg/1 


8.5 

BQD5 

mg/1 

estimate 


1.5 

COLIF col./100 ml 

estimate 


400 

DETRITUS 

mg/1 

estimate 


1 

NH3 

mg/1 (N) 

estimate 


0.01 

N03 

mg/1 (N) 

estimate 


0.20 

N02 

mg/1 (N) 

estimate 


0.01 

P04 

mg/1 (P) 

estimate 


0.02 

TDS 

mg/1 

estimate 


50 

ALGAE(l) 

mg/1 

estimate 


.03 

ALGAE(2) 

mg/1 

estimate 


.02 

ZOO 

mg/1 

estimate 


.005 

PH 


estimate 


7.2 

ALKA 

mg/1 

(CaC0 3 ) 

estimate 


15 


y estimates based on known average data for Dog River 


0-32 


INFLOW QUALITY 





Plant Yates 

River Mile 365.5 


Parameter 

Source 

Remarks 

Quality 

TEMP 

°F 

GP 

Plant Capacity 

1/ 

OXY 

mg/1 

estimate 


V 

BOD5 

mg/1 





COLIF col./lOO ml 
DETRITUS mg/1 
NH3 mg/1 (N) 

N03 mg/1 (N) 

N02 mg/1 (N) 

P04 mg/1 (P) 

TDS mg/1 

ALGAE(l) mg/1 
ALGAE(2) mg/1 
ZOO mg/1 
PH 

ALKA mg/1 
(CaC0 3 ) 

y change between inflow and outflow temperature * 14.9° F 

y all parameters except temperature are assumed equal to river quality 
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INFLOW QUALITY 


Wahoo Creek 
River Mile 3F4.2 


Parameter 

Source 

Remarks 

Quality 

TEMP 

°F 


time variant 
estimate 

1/ 

OXY 

mg/1 

?/ 

estimate — 


8.5 

B0D5 

mg/1 

estimate 


1.5 

COLIF col 

I./100 ml 

estimate 


400 

DETRITUS 

mg/1 

estimate 


1 

NH3 

mg/1 (N) 

estimate 


0.01 

N03 

mg/1 (N) 

estimate 


0.20 

N02 

mg/1 (N) 

estimate 


0.01 

P04 

mg/1 (P) 

estimate 


0.02 

TDS 

mg/1 

estimate 


50 

ALGAE(l) 

mg/1 

estimate 


.03 

ALGAE(2) 

mg/1 

estimate 


.02 

ZOO 

mg/1 

estimate 


.005 

PH 


estimate 


7.2 

ALKA 

mg/1 

estimate 


15 


(CaC0 3 ) 


1/ dally air temperature minus 3° F 
y estimate based on known average data for Doq Piver 


0-34 




INFLOW QUALITY 


Mhooplnq Creek 
River Mile 358.3 


Parameter 

Source 

Remarks 

Quality 

TEMP 

°F 


time variant 
estimate 

y 

OXY 

mg/1 

. 2/ 
estimate — 


8.5 

B0D5 

mg/1 

estimate 


1.5 

COLIF col./100 ml 

estimate 


400 

DETRITUS 

mg/1 

estimate 


1 

NN3 

mg/1 (N) 

estimate 


0.01 

N03 

mg/1 (N) 

estimate 


0.20 

N02 

mg/1 (N) 

estimate 


0.01 

P04 

mg/1 (P) 

estimate 


0.02 

TDS 

mg/1 

estimate 


50 

ALGAE(l) 

mg/1 

estimate 


.03 

AL6AE(2) 

mg/1 

estimate 


.02 

ZOO 

mg/1 

estimate 


.005 

PH 


estimate 


7.2 

ALKA 

mg/1 

(CaC0 3 ) 

estimate 


15 

If daily air temperature minus 3° F 




V estimate based on known average data for Dog River 
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INFLOW QUALITY 


Yellowdirt Creek 
River Mile 35fi.2 


Parameter 

Source 

Remarks 

Quality 

TEMP 

°F 


time variant 

1/ 




estimate 


OXY 

mg/1 

estimate 


8.5 

B0D5 

mg/1 

estimate 


1.5 

COLIF col./lOO ml 

estimate 


400 

DETRITUS 

mg/1 

estimate 


1 

NH3 

mg/1 (N) 

estimate 


O.oi 

N03 

mg/1 (N) 

estimate 


0.20 

N02 

mg/1 (N) 

estimate 


0.01 

P04 

mg/1 (P) 

estimate 


0.02 

TDS 

mg/1 

estimate 


50 

ALGAE(l) 

mg/1 

estimate 


.03 

ALGAE(2) 

mg/1 

estimate 


.02 

200 

mg/1 

estimate 


.005 

PH 


estimate 


7.2 

ALKA 

mg/1 

estimate 


15 


(CaC0 3 ) 

1/ dally air temperature minus 3° F 

2/ estimate based on known average data for Dog River 
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INFLOW QUALITY 


Central hatehee Creek 
River M 11e 344.2 


Parameter 

Source 

Remarks 

Quality 

TEMP 

°F 


time variant 

V 




estimate 


OXY 

mg/1 

2/ 

estimate — 


8.5 

B0D5 

mg/1 

estimate 


1.5 

COLIF col 

I./100 ml 

estimate 


400 

DETRITUS 

mg/1 

estimate 


1 

NH3 

mg/1 (N) 

estimate 


0.01 

N03 

mg/1 (N) 

estimate 


0.20 

N02 

mg/1 (N) 

estimate 


0.01 

P04 

mg/1 (P) 

estimate 


0.02 

TDS 

mg/1 

estimate 


50 

ALGAE(1) 

mg/1 

estimate 


.03 

ALGAE(2) 

mg/1 

estimate 


.02 

ZOO 

mg/1 

estimate 


.005 

PH 


estimate 


7.2 

ALKA 

/ i 

mg/1 
* _ \ 

estimate 


15 


(CaC0 3 ) 

1/ daily air temnerature minus 3° F 
2/ estimate based on known average data for Dog River 
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WITHDRAWAL DATA 


Name 

Gwinnett Intake 

Dekalb Intake 

Cobb Mater Intake 

Atlanta Mater Intake 


p 1ver Mile 

Withdrawal 

(cfs) 

445.5 

Auq. 

14 


SeD. 

14 


Oct. 

15 

433.0 

Auq. 

92 


Sep. 

36 


Oct. 

94 

413.1 

Aug. 

30 


SeD. 

20 


Oct. 

32 

403.2 

Auq. 

194 

Sep. 

176 


Oct. 

190 
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APPENDIX E 

CALIBRATION AND APPLICATION OF STORM 


by 

Jess Abbott 1 

I. INTRODUCTION 

This appendix describes the calibration and application of STORM to the 
Atlanta Metropolitan area and vicinity. The model was used to generate storm 
water loadings which were used in assessments of water quality conditions in 
the Chattahoochee River. 

II. STORM MODEL CONCEPTS 

STORM is a continuous simulation model that can be used for prediction of 
the quantity and quality of storm water runoff. The quantity portion of the 
program was developed for the City of San Francisco by Water Resources Engineers, 
Inc. (WRE) of Walnut Creek, California. The Hydrologic Engineering Center (HEC) 
contracted in 1972 with WRE for addition of storm water quality computations. 
Since then the HEC has added other capabilities including snowmelt and land 
surface erosion computations and prespecified hydrographs. Resource Analysis, 
Inc., of Cambridge, Massachusetts, has recently added the capability to simulate 
the quantity and quality of dry weather sewage. 

Wet weather surface runoff pollutographs can be predicted for individual 
historical (or synthetic) events. The model requires hydrological, land use, 
and water quality input data. The STORM pollutographs can be used as input 
for a receiving water assessment model. 

Another portion of the output from STORM provides statistical information 
based on analysis of the precipitation record (10-30 years of hourly data). 
Statistics such as average annual runoff, average annual washoff of each pol¬ 
lutant, average annual overflow, and average annual pollutant overflow can be 
used to aid the selection of storage capacities and treatment rates required to 
achieve desired control of storm water runoff. These and other features of the 
model are discussed in detail in the users manual (reference 1). 

III. CALIBRATION 

STORM was calibrated on four small research watersheds in the Peachtree 
Creek basin to provide a basis for prediction of storm water loadings for the 
study area. The following table shows the land use makeup of each research 
watershed. 


Tjess Abbott, Research Hydraulic Engineer, The Hydrologic Engineering Center. 
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Drainage Land Use {%) 

Watershed Area (sq. mi.) SIN MUL COM IND OPEN 


South Fork Peachtree Creek 
at Montreal Road 

5.4 

30 

6 

6 

18 

40 

Tributary to North Fork 

Peachtree Creek at 

Drew Valley Road 

2.9 

90 

0 

0 

10 

0 

Tributary to South Fork 

Peachtree Creek at 

Parkside Circle 

1.2 

40 

13 

15 

3 

29 

Tributary to Nancy Creek 

1.3 

14 

0 

18 

58 

10 


at Plantation Lane 

NOTE: Data from reference 2. 

Rainfall and runoff data for the four watersheds were provided by the Atlanta 
office of the U. S. Geological Survey. The storm water quality data were reported 
in reference 2. 

Quantity 

The quantity calibration involved adjusting the pervious area runoff coeffi¬ 
cient (CPERV) and the impervious area runoff coefficient (CIMP) for each basin 
so that the computed runoff most nearly matched the observed runoff. The values 
of CPERV and CIMP for the research watersheds were used for thos« basins in the 
study which had comparable land use patterns. CIMP is applied to the input hydro¬ 
graphs to arrive at the runoff rate from the impervious areas. The runoff rate 
from the impervious areas is used to "drive" the pollutant washoff equations. 
Tables E-l through E-4 show comparisons between observed rainfall and runoff and 
computed runoff for all major storms that occurred during the period of July- 
November 1974. 

Quality 

Two important sets of coefficients regulate the quality of storm water runoff 
predicted by STORM. These are the dust and dirt accumulation rates for each land 
use and the pollutant fractions of the dust and dirt for each land use. These 
coefficients, which should normally be obtained by field sampling, were not avail¬ 
able for this study. The quality calibration was based on adjustment of program 
default values for these coefficients so that the predicted masses and concentra¬ 
tions of pollutants most nearly matched those measured during selected runoff 
events from the four research watersheds. The default values were developed from 
a study done in Chicago (reference 3). 
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TABLE E-l 

South Fork Peachtree Creek at Montreal Road 


Date 

(1974) 

Hours 

Rain 

(In.) 

Observed!/ 

Runoff 

(In.) 

Computed^/ 

Runoff 

(In.) 

19 July 

16-22 

.48 

.06 

.07 

23 July 

18-23 

1.32 

.09 

.23 

26-27 July 

20-04 

.15 

.10 

.03 

1 August 

19-24 

.44 

.03 

.06 

3 August 

12-22 

.81 

.16 

.13 

7 August 

16-24 

2.56 

.66 

.48 

14 August 

13-21 

.67 

.09 

.11 

16-17 August 

22-04 

.45 

.15 

.07 

18 August 

14-22 

.83 

.13 

.14 

29 August 

13-19 

.45 

.03 

.07 

29-30 August 

19-04 

.89 

.20 

.16 

1 September 

15-24 

.53 

.07 

.07 

2 September 

16-22 

.95 

.24 

.16 

3 September 

15-21 

.08 

.02 

.01 

14 September 

11-16 

.99 

.09 

.17 

16 September 

0-12 

1.12 

.16 

.21 

11 November 

18-24 

.79 

.03 

.15 

18 November 

3-6 

.58 

.02 

.11 

20 November 

7-13 

.55 

.10 

.09 

TOTALS 


14.64 

2.54 

2.52 


-^Surface runoff (obtained by manual separation of surface and base flow on 
hydrographs from U.S.G.S. gage records). 

^Surface runoff computed by STORM 
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Tributary to North Fork Peachtree Creek at Drew Valley Road 


Date 

('974) . 

Hours 

Rain 

(In.) 

Observed-^ 
Runoff 
__ . tin.) 

Computed 
Runoff 
_ (In.) 

23 July 

12-14 

.13 

.01 

.01 

1 August 

19-20 

.61 

.06 

.14 

2 August 

20-22 

.53 

.15 

.14 

3 August 

12-15 

1.01 

.31 

.26 

7 August 

16-21 

2.74 

.81 

.74 

11 August 

19-22 

.33 

.16 

.08 

18 August 

14-16 

.23 

.05 

.04 

29 August 

19-21 

.18 

.14 

CM 

O 

• 

15-16 Sept. 

22-06 

1.19 

.17 

.32 

11 November 

16-20 

.67 

.12 

.17 

17 November 

23-04 

.61 

.11 

.15 

TOTALS 


7.63 

1.99 

2.07 


-A ^ See notes Table E-l 


N 


i _L 
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TABLE E-3 


Tributary of South Fork Peachtree Creek at Parkslde Circle 


Date 

(1974) 

Hours 

Rain 

(In,) 

Observed!/ 

Runoff 

(In.) 

Compute d£/ 
Runoff 
(In.) 

23 July 

18-20 

.93 

.16 

.21 

1 August 

19-21 

.43 

.04 

.09 

7 August 

16-21 

2.03 

.46 

.47 

14 August 

13-15 

.82 

.23 

.18 

16 August 

22 

.42 

.19 

.08 

18 August 

15 

.68 

.14 

.17 

29 August 

14-21 

.48 

.23 

.09 

15-16 October 

23-6 

.91 

.12 

.22 

11 November 

16-20 

.78 

.10 

.19 

17 November 

17-20 

.41 

.07 

.10 

20 November 

7-9 

.67 

.14 

.14 

TOTALS 


8.56 

1.88 

1.94 


y t ^ See notes Table E-l 
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TABLE E-4 

Tributary to Nancy Creek at Plantation Lane 





Observed!/ 

Computed?/ 



Rain 

Runoff 

Runoff 

(1974) 

Hours 

(In.) 

(In.). 

(In.) 


26 July 

17-19 

1.51 

.34 

.73 

1 August 

19-21 

.41 

.11 

.16 

2 August 

20-22 

.50 

.29 

.25 

3 August 

13-15 

.81 

.33 

.38 

11 August 

20-21 

.72 

.12 

.32 

14 August 

12-15 

1.30 

.50 

.62 

16 August 

22-24 

1.17 

CM 

CM 

• 

.68 

18 August 

14-15 

.83 

.34 

.38 

29 August 

18-20 

.34 

.25 

.17 

1 September 

12-22 

.51 

.33 

.21 

15 October 

22-6 

1.26 

1.07 

.60 

5 November 

6-9 

.48 

.37 

.20 

11 November 

17-20 

.67 

.45 

.32 

17 November 

23-3 

.63 

.41 

.27 

20 November 

6-10 

.83 

.53 

.38 

TOTALS 


11.97 

5.66 

5.57 


1 / V 


See notes Table E-l 




Certain other coefficients, which normally remain fixed, were modified for 
this study. The equations used to compute BOD, total nitrogen (TN) and total 
phosphorus (TP) are made up of three terms each, one term for the soluble con¬ 
tribution and two other terms for the insoluble contributions. (TP was the only 
form of phosphorus that was measured so the coefficients were also adjusted to 
predict TP instead of total orthophosphate.) The insoluble contributions are 
computed as fractions of both suspended solids (SUSP) and settleable solids (SETL). 
These fractions are not input variables and thus remain fixed unless the program, 
is changed by the user. Since the measured data from each watershed showed very 
low BOD to suspended solids ratio the equations normally used in the model pro¬ 
duced BOD values in excess of the measured values when suspended solids values 
were accurately predicted. The effect of reducing the soluble contribution to 
zero (i.e., BOD fraction of the dust and dirt) produced BOD values in excess of 
measured, therefore, it was justified to reduce the nonsoluble contributions. The 
revised nonsoluble contribution coefficients that were developed during calibra¬ 
tion and used to generate the BOD, TN, and TP loadings for the river water quality 
model are shown below: 

Fraction of Fraction of 

Parameter Suspended Solids Settleable Solids 



0.01 


TN 

0.0025 

0.0005 

TP 

0.002 

0.0005 


The following table shows dust and dirt accumulation rates and pollutant con¬ 
stituents of the dust and dirt that were developed during calibration. 


Land Use 

Dust and Dirt 
Accumulation Rate 
(lbs/100 ft. gutter/day) 

Pollutant Constituents 
(lbs pollutant/100 lbs DD) 
SUSP SETL BOD TN TP 

Single 

2.20 

40.0 

1.1 

0.50 

0.048 

0.002 

Multiple 

6.90 

32.0 

0.8 

0.36 

0.061 

0.002 

Commercial 

6.90 

68.0 

1.7 

0.77 

0.041 

0.002 

Industrial 

13.30 

68.0 

0.7 

0.30 

0.043 

0.001 

Open 

4.50 

40.0 

1.1 

0.50 

0.048 

0.0002 
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The values do not necessarily make up a unique set, but rather are those 
that were judged to best reproduce the observed data from the four research 
watersheds. The calibration was based not only on reproduction of the time 
value of pollutant concentrations, but also on the total masses of pollutants 
washed off by the event. Montreal is the only basin where there exists more 
than one measured sample per storm (other than several composite samples on 
Plantation and Parkside). A single sample per storm precludes computing an a 
accurate observed pollutograph and therefore is of little value in calibration. 

IV. APPLICATION OF STORM TO ATLANTA AND VICINITY 

Input Data 

Ti*e precipitation record is the primary input data set for STORM. Data were 
most readily available for the U.S. Weather Service station at the Atlanta Air¬ 
port. Hourly precipitation was obtained on magnetic tape from the National Weather 
Service in Asheville, North Carolina. The data from the tape was processed, 
reformatted and placed in fast access storage in the Lawrence Berkeley Labor¬ 
atory Computer System. STORM is capable of accessing this stored data so as to 
avoid handling a large amount of data in card form. 

A representative sample of the twenty-five years of record was chosen so as 
to reduce computer time usage. The years 1970-1974 were chosen as representative 
based on equivalent average annual pollutant washoff. The STORM model has the 
capability of processing any portion of the precipitation record. The sample 
period was used to generate the pollutant loadings for the August-September 1974 
Chattahoochee River study period. 

Land use information makes up the second main block of input data. The storm 
water loadings generated represent 1975 land use conditions. The land use data 
was supplied by the Savannah District. 

Storm Water Simulation 

The storm water simulation consisted of dividing the entire study area into 
a number of subcatchments which would correspond to water quality loading points 
used in the river simulation. Twenty-five loading points were used along the 
study reach of the Chattahoochee River. Table E-5 shows the contents and land use 
of each of the subcatchments. The contributing area designation numbers were taken 
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Table £-5 

Land Use for Subcatchments 


River 

Contributing Areas from 

Area 

Land Use Percentage 

s s/ 

Mile 

WQMU Mao 

(Acres) 


Hsr 

ST 

IT 

OP 

451.2 

1205 A, 1206 A 

20,893 

4.6 

0.1 

0.4 

0.4 

94.5 

445.6 

1206 Ivy Creek, 1206 Suwannee Creek 

33,357 

4.0 

0.1 

0.4 

0.4 

95.1 

436.8 

1207 Johns Creek 

20,196 

2.9 

.3 

.2 

0 

96.6 

432.2 

1208 Chattahoochee I 

29.568 

10.8 

.4 

.5 

2.2 

86.1 

424.9 

1209 Big Creek U 

32,442 

7.2 

.2 

.5 

.1 

92.0 

422.7 

1210 Willeo Creek 

16,384 

8.8 

.2 

.5 

.2 

90.3 

416.2 

1211 Sope Creek 

21,768 

16.4 

1»1 

1.6 

.9 

80.1 

411.9 

1211 Central Cobb 

22,493 

18.9 

2.5 

2.9 

5.7 

70.0 

403.2 

1211 Nickajack Creek 

23,910 

25.4 

1.3 

1.4 

2.0 

69.9 

412.2 

1212 Long Island 

14,651 

42.3 

2.5 

1.8 

.8 

52.6 

408.1 

1212 Nancy Creek, 1212 Peachtree 
Creek, 1212 S. F. Peachtree Cr.2/ 

83,394 

36.3 

5.8 

5.3 

4.7 

47.9 

405.0 

1212 Proctor Creek 

11,685 

21.6 

9.9 

4.5 

7.7 

56.3 

403.1 

1213 A Sandy Creek 

6,400 

26.7 

3.6 

1.8 

5.8 

62.1 

399.0 

1213 Utoy Creek, 1213 B Sweetwater 

26,557 

26.7 

3.6 

1.8 

5.8 

62.1 

396.2 

1214 01 ley Cr., Noses Cr., 

Powder Spr. Creek. Gothards Creek, 
Sweetwater Creeki/ 

178,382 

9.7 

.2 

.6 

.5 

89.0 

391.2 

1215 Camp Creek, 1215 Deep Creek 

47,203 

12.1 

1.3 

1.0 

.6 

85.0 

389.1 

1215 A, 1216 Anneewakee 

28,673 

5.6 

.1 

.4 

.2 

93.7 

382.2 

1217 Dog R., 1217 B 

39,279 

1.8 

0 

.1 

.2 

97.9 

382.7 

1217 A, 1218 Bear Cr., 1218 B 

42,752 

2.8 

.1 

.2 

.1 

96.8 

380.2 

1218 A 

21,616 

.9 

0 

.1 

0 

99.9 

369.3 

Snake Cr. 

31,360 

0.9 

0 

0.1 

0 

99.9 

364.2 

Vlahoo Cr. 

41,600 

0.9 

0 

0.1 

0 

99.9 

358.3 

Whooping Cr. 

34,560 

0.9 

0 

0.1 

0 

99.9 

356.2 

Yellow Dirt Cr. 

5,120 

0.9 

0 

0.1 

0 

99.9 

344.2 

Central hatehee Cr. 

78,720 

0.9 

0 

0.1 

0 

99.9 


1/ Gaged, area above gage • 47,080 acres. 

2/ Gaged, area above gage * 55,600 acres. 

3/ Gaged, area above gage ■ 157,500 acres. 

4/ 1975 Land Use Conditions. £-9 



from a Water Quality Management Unit Map supplied by the Savannah District. 

The discharge hydrographs from each subcatchment were provided as input. The 
hydrographs were derived by stream routing optimizations using HEC-1 (as discussed 
earlier) and were judged to be more accurate than those produced by the runoff 
coefficient method in STORM. The option of prespecified hydrographs was then 
used to allow the STORM model to use the hydrographs in the washoff quality 
computations. 

Efficient transfer of output from STORM required modifying STORM so that it 
would punch the flow and concentration data for each loading point on cards in 
a format that was directly useable by the WQRRS model. 

V. DISCUSSION 

The storm water loadings were judged to be fairly accurate but subject to 
several limitations caused by inadequate data for calibration and/or inaccurate 
input data. These limitations are discussed in the following paragraphs. 

Quantity 

The most serious limitation in the quantity of runoff computations was the 
low magnitude and yet highly variable observed runoff coefficient during the study 
period. The events experienced during the period were thunderstorms over quite 
dry summer-fall watershed conditions. The problem was partly alleviated by the 
use of input hydrographs that were developed by routing optimization using ob¬ 
served streamflow. 

Quality 

The quality calibration was somewhat inadequate because of total or partial 
lack of data on certain coefficients which regulate the quality of runoff. 

No data were available for two very important sets of site-specific coeffi¬ 
cients used in the model. These are the dust and dirt accumulation rates for 
each land use and the pollutant constituents of the dust and dirt for each land 
use. 

The lack of the dust and 4irt accumulation rates and the pollutant fractions 
required that the calibration be based entirely on the observed storm water runoff 
data from the four watersheds. The observed storm water runoff data was inade¬ 
quate for development of a highly accurate calibration. Montreal Road was the 
only site for which there existed quality data for more than one grab sample 
during any given event although several composite samples were taken during 
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three events at Plantation and Parkside. Montreal had only three events with 
greater than four samples per event. Only one of these events had multiple 
samples during the actual "runoff” hydrograph. 

VI. RECOMMENDATIONS 

A well-designed data collection program should be implemented to collect dat'; 
on the dust and dirt accumulation rates, the pollutant fractions of the dust and 
dirt, and additional storm water runoff data. It is recommended that the basins 
be of a single land use. Coefficients that are a function of land use can thus 
be defined. A representative segment of a street in each basin should be swept 
at appropriate intervals so as to estimate the dust and dirt accumulation rate 
for the specific land use. The dust and dirt should then be analyzed to obtain 
the fractions of the pollutants of interest. 

It is imperative that additional stormwater runoff data be collected so as 
to refine the coefficients which regulate the quantity and quality of runoff. 

A sampling program should be set up to collect sufficient data on several storms 
that occur throughout a year so as to adequately define the pollutographs for 
those events. This will probably involve use of some automatic sampling equip¬ 
ment in order to initiate sampling at the beginning of a significant rise in 
stage and continue sampling at frequent intervals throughout the event. 

Some sampling stations should be located to better define the downtown 
Atlanta commercial/industrial contribution. It is believed that these basins 
would show higher loads than the basins previously sampled. 

The calibration should be reevaluated using the new data recommended by the 
above paragraphs. If the calibration coefficients are significantly different 
than that developed during this study, part of the river water quality assess¬ 
ment should be reevaluated so as to better define the true impact of storm water 
runoff on the Chattahoochee River. 
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APPENDIX F 


PHYSICAL, CHEMICAL AND BIOLOGICAL RATE COEFFICIENTS 


General 


With the exception of the conservative constituents (i.e. , alkalin¬ 
ity and TDS), all the water quality equations incorporate one or more 
physical, chemical or biological coefficients. Most of these coeffic¬ 
ients are based upon an empirical understanding of a process. For 
example, the BOD decay rate is a simplified description of a complex 
bacterial action. Thus, values for many of the coefficients can be 
variable depending upon such factors as regional climatic variation, 
general levels of pollution, treatment, and industry. 

Table F-l lists the coefficients* used in this study. 


Temperature Coefficients 


The Q10 temperature coefficients for coliform and reaeration are 
used to adjust the rate coefficients to reflect changes in temperature 
by the following general expression 


K - k„© (t 20) 


F-l 


where 


K = Coliform decay or reaeration rate coefficient at the 
local temperature 


*These values are obtained in general from reference 16, but judgement 
and experience have also been taken into account in establishing these 
coefficients. 
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TABLE P-1 


COEFFICIENTS 

Q10 Temperature Coefficients 

COLIFORM DIEOFF 1.040 

REAERATION 1.022 

Chemical Composition of Biota and Detritus 



C 

N 

P 

ALGAE 

.5 

.09 

.012 

ZOOPLANKTON 

.5 

.09 

.012 

FISH 

.5 

.09 

.012 

BENTHO 

.5 

.09 

.012 

DETRITUS 

.5 

.09 

.012 


Digestive Efficiency of Biota 

ZOOPLANKTON .7 
FISH . 6 
BENTHO .4 

Stoichiometric Equivalence of Chemical and Biologic Transformation 

0 2 /NH 3 DECAY 3.5 
0 2 /N0 2 DECAY 1.2 
0 2 /DETRITUS DECAY 2.0 
0 2 /BIOMASS RESPIRATION 2.0 
C0 2 /B0D DECAY 0.2 
0 2 /ALGAL GROWTH* 1.6 


♦Oxygenation factor for Phytoplankton 







TABLE F-l (cont'd) 


COEFFICIENTS 


Temperature Limits K Factors 

(°C) 



T 1 

T 

2 

T 3 

T 4 

K 1 

K 4 

ALGAE 1 

5 

22 

25 

34 

.1 

.1 

ALGAE 2 

10 

28 

30 

40 

.1 

.1 

ZOOPLANKTON 

5 

28 

30 

38 

.1 

.1 

BENTHO 

5 

22 

25 

38 

.1 

.1 

FISH 1 

5 

20 

20 

25 

.1 

.1 

FISH 2 

10 

27 

30 

38 

.1 

.1 

FISH 3 

5 

22 

30 

36 

.1 

.1 

BOD 

4 

30 



.1 

- 

nh 3 -n 

4 

30 



.1 

- 

no 2 -n 

4 

30 



.1 

- 

DETRITUS 

4 

30 



.1 

- 

Settling Rate 


(M/Day) 





ALGAE 1 


.15 





ALGAE 2 


.15 





DETRITUS 


.15 





Zooplankton Feeding Preference 





For ALGAE 1 

as a 

fraction of 

1 


.67 


Mortality Rates 









(Rate/Day) 




ZOOPLANKTON 


.005 





FISH 


.001 





BENTHO 


.001 
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TABLE F-l (cont'd) 


COEFFICIENTS 


Maximum Specific Growth Rates/Day 


ALGAE 1 

1.00 

ALGAE 2 

2.00 

ZOOPLANKTON 

.150 

FISH 1 

.020 

FISH 2 

.025 

FISH 3 

.020 

BENTHO 

.020 


Half Saturation Constants of Phytoplankton 



Light 

C °2 

N 

P 

ALGAE 1 

.003 

CM 

O 

• 

.2 

.03 

ALGAE 2 

.005 

.02 

.1 

.05 


Half Saturation Constants 


ZOOPLANKTON 

graze 

on 

ALGAE 

.55 

FISH 1 

graze 

on 

ZOOPLANKTON 

.05 

FISH 2 

graze 

on 

ZOOPLANKTON 

.05 

FISH 3 

graze 

on 

BENTHO 

500 

BENTHO 

graze 

on 

SEDMT 

50 


Decay Coefficients/Day 


BOD 

.100 

AMMONIA 

1.00 

NITRITE 

3.00 

DEJRITUS 

.001 

COLIFORM 

.500 
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TABLE F-l (cont'd) 


COEFFICIENTS 


Respiration Rates 



(Rate/Day) 

PHYTOPLANKTON 

.050 

ZOOPLANKTON 

.020 

FISH 

.001 

BENTHO 

.001 
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■ Coliform decay or reaeration rate coefficient at 20°C 
9 - Q10 temperature coefficient 

T • Local temperature 

By using the temperature coefficient concept, the decay or reaeration 
rate coefficients can be specified for a common temperature (20°C) and 
automatically adjusted within the program for temperature differences. 
These Q10 coefficients are only of real concern for temperatures greater 
than 30°C or less than 10°C and may thus be treated as constants during 
the calibration process, unless specific evidence to the contrary is 
available. 


Chemical Composition of Biota and Detritus 

The chemical composition data are used to maintain continuity of 
mass within the system by removing an appropriate amount of a particular 
constituent with biota growth and returning mass due to biota respiration 
and detritus decay. Unfortunately, exact continuity of mass will not 
be maintained unless the composition of all the constituents are the 
same, because all biota contribute to detritus on a one to one basis. 

Digestive Efficiency of Biota 

The digestive efficiency is that fraction of the food consumed by 
biota which is utilized for growth. The remainder is used for meta~ 
bolic processes (i.e., respiration and excretion). 

Stoichiometric Equivalences 

Stoichiometric equivalence is the ratio of the amount of two con¬ 
stituents needed for a given chemical or biologic reaction. For example, 
3.5 grams of oxygen are consumed when one gram of ammonia nitrogen is 
oxidized to nitrite. 
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Temperature Limits 


The temperature limits define the curves used to modify the growth, 
respiration, and mortality rates of the biota and the decay rates of 
the abiotic substances. The temperatures, T^ and T^, are the lower 
and upper threshold limits, respectively, for growth or decay. The 
temperatures T 2 and T 3 define the range at which the growth or decay 
rate is a maximum. If the maximum rate occurs at a single temperature, 
T 2 ■ T^. T 3 and T^ have no significance for abiotic substances. 

Settling Rates 

The settling rate defines the rate of fall of algae and detritus 
through the water column. It is of particular significance in the 
reservoir section where the algae and detritus may settle through hun¬ 
dreds of meters. 


Zooplankton Feeding Preferences 

The zooplankton feeding preference is used to establish an effec¬ 
tive algae concentration for determining the zooplankton growth rate. 
This allows input of only one half saturation constant for zooplankton 
growth based on algae 1 and adjustment of the concentration of algae 
accordingly. 


Mortality Rates 

The mortality rate is that fraction of the biomass which is converted 
to detritus by death of the particular biota. The rate coefficients 
for mortality and respiration are in 1/day units and are utilized in 
the following general natural logarithmic function 

C(t + At) -• C t e^ kAt ^ F -2 

where 

C(t + At) ■ Concentration at the end of the time step 






C c » Concentration at the beginning of the time step 
K * Mortality or respiration rate 
At • Computational time step 

Note that mortality for algae is incorporated directly into respiration 
and algae are assumed to become sediment when they settle to the bottom 
of a stream or reservoir. The mortality rate coefficients are modified 
by the temperature limit coefficients and two exponential curves. 

Respiration Rates 

The respiration rate is that fraction of the biomass which is con¬ 
verted back to inorganic carbon, nitrogen and phosphorus by the normal 
process of respiration of the organism. The respiration rate coefficients 
are modified by the temperature limit coefficients and two exponential 
curves. 


Maximum Specific Growth Rates 

The maximum specific growth rate is the maximum fractional increase 
in biomass which can occur without any nutrient limiting. The maximum 
growth rate and the decay rate coefficients are modified by the tem¬ 
perature limit coefficients and one or more exponential curves. 

Half Saturation Constanta 


The half saturation constants or Michaelis-Menton constants are 
used to adjust the growth rate of the biota to the available nutrient 
or food supply. The half saturation constaut is actually the con¬ 
centration of the nutrient at which the biota will grow at half the 
maximum rate. The following expression is used to adjust the growth 
rates: 


u 


m 



F -3 


F-8 


where 


U *» Actual growth rate 

p ■ Maximum growth rate 
m 

C ■ Nutrient concentration 

K - Half saturation constant 

Decay Rates 

The decay rate is that fraction of the constituent which is removed 
or converted into other constituents by bacterial or chemical decom¬ 
position. In some cases this decay is dependent on the presence of 
oxygen; for example, BOD, NH^ and N0£ decay may generally be considered 
as aerobic reactions. However, decay of sediments and detritus may 
be either aerobic or anaerobic with different decay rates for each type. 
Such refinements are not presently incorporated into the model, although 
oxygen dependent reactions are programmed to be inhibited by a lack of 
available oxygen. 
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Waler Quality untrol Chapter 391-3-6 


RULES 

OF 

<;eor(;ia department of natural resources 

ENVIRONMENTAL PROTECTION DIVISION 

CHAPTER 391-3-6 
WATER QUALITY CONTROL 

TABLE OK CONTENTS 

391-3-6-.SI unuiliillon and Administration Water Qualltr Standards 

J9I-.V6-.02 Preparation and Submission of 391-3-6-.04 Marine Sanitation Devices 

Engineering Reports and Plans and J9I-J-6-.05 Emergency Actions 
Specifications 391-3-6*.06 Waste Treatment and Permit 

J9l-J-6-.03 Water Use Classifications and Requirements 

391-3-6-.01 Organization and Administration. 

(1) Purpose. The purpose of Paragraph 391-3-6-.01 is to establish 
the organizational and administrative procedures to be followed 
in the administration and enforcement of the Georgia Water Quality 
Control Act, as amended, and to csirry out the purposes and require¬ 
ments of said Act and of the Federal Water Pollution Control Act 
Amendments of 1972, as amended. 

(2) Definitions. All terms used in this Paragraph shall be inter¬ 
preted in accordance with the definitions as set forth in the Georgia 
Water Quality Control Act, as amended, unless otherwise defined 
in this Paragraph or in any other Paragraph of these rules: 

(a) “Act” means the Georgia Water Quality Control Act, as 
amended. 

(b) “Board” means the Board of Natural Resources of the 
State of Georgia. 

(c) "Department” means the Department of Natural Resources 
of the State of Georgia. 

(d) "Director” means the Director of the Division of Environ¬ 
mental Protection of the Department of Natural Resources, State 
of Georgia. 

(e) “Division” means the Division of Environmental Protection 
of the Department of Natural Resources, State of Georgia. 

June 30. 1974 
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if} "E 1* A " mrails the United States Environmental Protection a hearing within thirty (30) days of the issuance of such order or 

' . ‘ notice of such action. Such person shall be planted a hoariup before 

{ellc ^' a hearinp officer appointed by the Hoard of Natural Kesuurces. 





may issue & notice to any person to submit within a specified time >v>l»m shall obtain approval of any plans, specifications and related 

a plan of improvement and schedule for compliance with the speei- material?* fur «in h '\ xii-m from the Division prior to commencement 


1 

i 





(a) Pertinent information rettartlinK the existing seweraKe sya- Division for ; 





elevations of all units and water surfaces shall be shown. it has been affirmatively demonstrated to the State that a change 

is justifiable to provide necessary social or economic development; 
(b) Detail plans which show longitudinal and transverse six- and provided further that the level of treatment required is the 

tions sufficient to explain the construction of each treatment unit. highest and best practicable under existing technology to protect 








* 




will not be more than 1.5°F. In streams designated as trout or will not be more than 1.5 F. In streams designated as trout or 

smallmouth bass waters by the State Game and Fish Division, there smalimouth bass waters by the State Game and Fish Division, 

shall be no elevation or depression of natural stream temperature. there shall be no elevation or depressioi uf i atural stream tempera- 





(iv) Temperature: Not to exceed 90°F. At no time is the (iv) Toxic Substances, Other Deleterious Materials: None in 








al coliform not to exceed a geometric mean (a) "Boat” means any vessel or watercraft whether moved by 









3 To any point source, other than publicly owned treatment 2 . For a partnership, by a genera! partner, 

works, whose construction commences after the effective date of 

this Paragraph, effluent limitations which reflect the greatest 3 . For a sole proprietorship, by the proprie 
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(viii) The Director will notify other appropriate governmental 






Administrator of EPA under Section 402 (d) of the Federal Act. and 
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in order to prevent pollution of ground and surface water resources 
and to protect the public health and welfare. Any permit issued for 
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JJcparfmcitt nf Natural JRcsmtrrcs 

ENVIRONMENTAL PROTECTION DIVISION 
270 WASHINGTON STREET. S W 
ATLANTA GEORGIA 30334 


INTRODUCTION 

This document lists the classifications for the waters of the State of 
Georgia in force as of May 1975. The classifications are in accord with the 
Georgia Water Quality Control Act and the Federal Water Pollution Control Act 
Amendments of 1972 (P.L. 92*500). 

The initial stream classifications were made in July 1967 and applied to 
Interstate waters only. In June 1972, the State classified approximately 1,420 
miles of major intrastate streams. In March 1974, classifications for the re¬ 
maining unclassified streams were adopted. Additionally, more than 3,000 miles 
of north Georgia streams have also been designated as trout waters by the Game 
and Fish Division of the Department of Natural Resources. An amendment to the 
Wild and Scenic Rivers Act in May 1974 has also designated 8.1 miles of Georgia 
streams as "Wild and Scenic." 

Water quality criteria applicable to the various stream classifications are 
published in Chapter 391-3-6 of the document entitled Rules and Regulations for 
Water Quality Control , Georgia Department of Natural Resources, Environmental 
Protection Division, which Is based on the State of Georgia Water Quality Control 
Act as Amended Through 1974 . The criteria relating to the "Wild and Scenic" 
classification can be found in Public law 93-279. 



JOC O. TANNER 
Oommisiiontr 


J. LEONARO LEOBETTER 
DMiion Director 
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department of Jfatural ^zzornttz 

ENVIRONMENTAL PROTECTION DIVISION 


Stream Categories 

Streams and stream reaches not listed below for specific classifications 
will fit Into the following categorical classifications: 

A. Streams and stream reaches which are not shown on the Georgia 
Department of Transportation's official county maps are not 
classified unless they receive a wastewater discharge. In 
that case, they are classified as fishing. 

B. Streams and stream reaches which are shown as naturally Inter¬ 
mittent, ephemeral or a combination thereof on the Georgia 
Department of Transportation's official county maps or which 
can be documented as being intermittent by records of the United 
States Geological Survey are not classified unless they receive 
a wastewater discharge. In that case, they are classified as 
fishing. 

C. Stream channels, drainage ditches and canals which are naturally 
Intermittent, ephemeral or a combination thereof are not classi¬ 
fied. 

D. Streams and stream reaches not specifically classified below and 
not categorically classified above (A, B, or C) are classified as 
fishing. 




department of Resources 

ENVIRONMENTAL PROTECTION DIVISION 


CLASSIFICATIONS FOR THE WATERS 
OF THE STATE OF GEORGIA 

MAY, 1975 


SAVANNAH RIVER BASIN 
Savannah River 

Savannah River 

Savannah River 

Savannah River 

Savannah River 

Savannah River 

Savannah River 

Butler Creek 

(and its tributaries) 

Cason's Dead River 
(and its tributaries) 

Chattooga River 

Uest Fork Chattooga 
River 


Georgia-North Carolina State Line 
to Clark Hill Dam (Mile 238) 

Clark Hill Dam (Mile 238) to 
Augusta, 13th Street Bridge 

Augusta, 13th Street Bridge to 
U.S. Hwy. 301 Bridge (Mile 129) 

U.S. Hwy. 301 Bridge (Mile 129) to 
U.S. Hwy. 17 Bridge (Mile 22) 

U.S. Hwy. 17 Bridge (Mile 22) to 
Field's Cut (Mile 5) 

Field's Cut (Mile 5) to Fort 
Pulaski (Mile 0) 

Fort Pulaski (Mile 0) to Open Sea 
and all littoral waters of Tybee 
Island 

Headwaters in Augusta to 
confluence with Savannah River 

Headwaters in Augusta to 
confluence with Savannah River 

Georgia-North Carolina 

State Line to 

Tugaloo Reservoir (0.8 mi) 

Confluence of 
Overflow Creek and 
Clear Creek to confluence 
with Chattooga River (7.3 mi) 


CLASSIFICATION 

Recreation 

Drinking Water 

Fishing 

Drinking Water 

Industrial 

Navigational 

Fishing 

Recreation 

Urban 

Urban 

Wild and Scenic 

Wild and Scenic 
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OGEECHEE RIVER BASIN 
Ogeechee River 
Ogeechee River 

Ogeechee River 

Little Ogeechee River 
Little Ogeechee River 

Little Ogeechee River 

OCONEE RIVER BASIN 
Middle Oconee River 
Middle Oconee River 
Middle Oconee River 

North Oconee River 
North Oconee River 

North Oconee River 

Oconee River 

Oconee River 
Oconee River 
Oconee River 
Oconee River 
Oconee River 


department of Natural Resources 

ENVIRONMENTAL PROTECTION DIVISION 


Headwaters to U.S. Hwy 80 Bridge 

U.S. Hwy 80 Bridge to U.S. Hwy 
17 Bridge 

U.S. Hwy 17 Bridge to Open Sea and 
littoral waters of Skidaway, Ossabaw, 
Sapelo and St. Catherines Islands 

Headwaters to U.S. Hwy 80 Bridge 

U.S. Hwy 80 Bridge to South End of 
White Bluff Road near Carmelite 
Monastery 

South End of White Bluff Road near 
Carmelite Monastery to Open Sea and 
littoral waters of skidaway and 
Ossabaw Islands 


Headwaters to Georgia Highway 82 

Georgia Highway 82 to U.S. Hwy 78 

U.S. Hwy 78 to confluence with 
North Oconee River 

Headwaters to State Route 2434 

State Route 2434 to Athens Water 
Intake. 

Athens Water Intake to confluence 
With Middle Oconee River 

From confluence of North and Middle. 
Oconee Rivers to Georgia Hwy 16 

Georgia Highway 16 to Sinclair Dam 

Sinclair 0am to Georgia Highway 22 

Georgia Highway 22 to Georgia Hwy 57 

Georgia Highway 57 to U.S. Hwy 80 

U.S. Hwy 80 to confluence with 
Ocmulgee River 

G-22 


CLASSIFICATION 

Fishing 

Fishing 

Recreation 


Fishing 

Fishing 

Recreation 

CLASSIFICATION 

Fishing 

Drinking Water 
Fishing 

Fishing 

Drinking Water 

Fishing 

Fishing 

Recreation 
Drinking Water 
Fishing 

Drinking Water 
Fishing 







^Department of Natural ^Resources 

ENVIRONMENTAL PROTECTION DIVISION 

OCONEE RIVER BASIN (con’t) 


CLASSIFICATION 

Trail Creek 

Headwaters in Athens to confluence 
with N. Oconee River 

Urban 

UPPER OCMULGEE RIVER BASIN 


CLASSIFICATION 

South River 

Headwaters to Georgia Highway 81 

Urban 

South River 

Georgia Highway 81 to Georgia 

Highway 36 

Fishing 

Yellow River 

Headwaters to Georgia Highway 124 

Fishing 

Yellow River 

Georgia Highway 124 to Porterdale 

Water Intake 

Drinking Water 

Yellow River 

Porterdale Water Intake to Georgia 
Highway 36 

Fishing 

Alcovy River 

Headwaters to Georgia Highway 138 

Fishing 

Alcovy River 

Georgia Highway 138 to Covington 

Water Intake 

Drinking Water 

Alcovy River 

Covington Water Intake to Newton 

Factory Road Bridge 

Fishing 

Jackson lake 

From South River at Georgia Hwy 36 

From Yellow River at Georgia Hwy 36 

From Alcovy River at Newton 

Factory Road Bridge to Lloyd Shoals Dam 

Recreation 

Intrenchment Creek 

Headwaters in Atlanta to confluence 

With South River 

Urban 

Shoal Creek 

Headwaters in Dekalb County to 
confluence with South River 

Urban 

Conley Creek 

Headwaters near Atlanta Army Depot 
to confluence with South River 

Urban 

Doolittle Creek 

Headwaters in Dekalb County to 
confluence with South River 

Urban 

Inapfinger Creek 

Headwaters in Dekalb County to 
confluence with South River 

Urban 



y 
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Jcparimcni of Natural ^Reomircea 

ENVIRONMENTAL PROTECTION DIVISION 


LOWER OCMULGEE RIVER BASIN 


CLASSIFICATION 

Ocmulgee River 

Lloyd Shoals Dam to Georgia 

Highway 18 

Fishing 

Ocmulgee River 

Georgia Highway 18 to Macon Water 
Intake 

Drinking Water 

Ocmulgee River 

Macon Water Intake to Georgia 

Highway 96 

Industrial 

Ocmulgee River 

Georgia Highway 96 to confluence 
with Oconee River 

Fishing 

Towaliga River 

Headwaters to Georgia Highway 36 

Drinking Water 

Towaliaa River 

Georgia Highway 36 to High Falls Dam 

Recreation 

Walnut Creek 

Macon City Limits to confluence 
with Ocmulgee River 

Urban 

Cabin Creek 

Headwaters in Griffin to Parham 

Road 

Urban 

Tobesofkee Creek 

Lake Tobesofkee 

Recreation 

Tobesofkee Creek 

Tobesofkee Dam to confluence 
with Ocmulgee River 

Urban 

ALTAMAHA RIVER BASIN 


CLASSIFICATION 

Altamaha River 

Confluence of Oconee and Ocmulgee 
Rivers to U.S. Hwy 301 

Fishing 

Altamaha River 

U.S. Hwy 301 to Altamaha Sound 

Fishing 


All littoral waters on the ocean 
side of St. Simons, Sea, and Sapelo 
Islands. 

Recreation 

Ohoopee River 

Headwaters to confluence with 

Altamaha River 

Fishing 

Mackay River 

Confluence with Altamaha River 
to St. Simons Sound 

Fishing 

Back River 

Northern confluence with Mackay 

River to Southern confluence with 
Mackay River 

Fishing 

Frederica River 

Northern confluence with Mackay 

River to Southern confluence with 
Mackay River s . 2 4 

Fishing 



SATILLA river basin 
S atilla River 

Satilla River 

Little Satilla River 

East River 

Turtle and 
Brunswick Rivers 

Kettle Creek 
City Creek 
Twenty-Mile Creek 

ST. MARYS RIVER BASIN 
St. Marys River 
Korth River 

SUWANNEE RIVER BASIN 
Suwannee River 

Alapaha River 

Wlthlacoochee River 
(Wlthlacoochee Creek) 


department of Natural Resources 

ENVIRONMENTAL PROTECTION DIVISION 


CLASSIFICATION 


Headwaters to Seaboard Coast Line 
Railroad 

Fishing 

Seaboard Coast Line Railroad to 

St. Andrews Sound 

Fishing 

Seaboard Coast Line Railroad to 

St. Andrews Sound 

Fishing 

South End to West End 

Navigation 

Headwaters to St. Simons Sound 

Fishing 

All 1ittoral. waters on ocean side 
of Cumberland and Jekyll Islands 

Recreation 

Headwaters at Waycross to 
confluence with Satilla River 

Urban 

Headwaters at Waycross to 
confluence with Satilla .River 

Urban 

Georgia Highway 353 near Douglas 
to confluence with Seventeen- 
Mile Creek 

Urban 


CLASSIFICATION 

Headwaters to Cumberland Sound 

Fishing 

Headwaters to confluence with 

St. Marys River 

Industrial 

All littoral waters on ocean side 
of Cumberland Island 

Recreation 


CLASSIFICATION 

Headwaters to Georgia-Florida 

State line. 

Fishing 

Headwaters to Georgia-Florida 

State line. 

Fishing 

Headwaters to Georgia-Florida 

State line 

Fishing 
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department of Natural JR ES0urcga 

ENVIRONMENTAL PROTECTION DIVISION 



OCHLOCKNEE RIVER BASIN 


CLASSIFICATION 

Ochlocknec River 

Headwaters to Georgia-Florida 

State line 

Fishing 

Aucllla River 
(Including Aucilla 

Creek) 

Headwaters to Georgia-Florida 

State line 

Fishing 

Oqulna Creek 

(and its tributaries) 

Headwaters in Thomasville to 
confluence with Ochlocknee River 

Urban 

Parkers Mill Creek 

Headwaters in Cairo to confluence 
with Tired Creek 

Urban 

FLINT RIVER BASIN 


CLASSIFICATION 

Flint River 

Headwaters to Georgia Highway 54 

Industrial 

Flint River 

Georgia Highv/ay 54 to S1061, 

Woolsey Road 

Fishing 

Flint River 

S1061, Woolsey Road,to Georgia 

Highway 16 

Drinking Water 

Flint River 

Georgia Highway 16 to Georgia 

Highway 27 

Fishing 

Flint River 

Georgia Highv/ay 27 to Georgia Pov/er 
Company Dam at Lake Worth, Albany 

Recreation 

Flint River 

Georgia Power Company Dam at 

Lake Worth, Albany to Bainbridge, 

U.S. Hwy 84 Bridge 

Fishing 

Flint River 

Bainbridge, U.S. Hwy 84 Bridge to 

Jim Woodruff Dam, Lake Seminole 

Recreation 

Sullivan Creek 

Headwaters in College Park to 
Confluence with Flint River 

Urban 

Mud Creek 

Headwaters in Hapeville to 
confluence with Flint River 

Urban 

CHATTAHOOCHEE RIVER BASIN 


CLASSIFICATION 

Chattahoochee River 

Headwaters to Buford Dam 

Recreation 

Chattahoochee River 

Buford Dam to Atlanta (Peachtree 
Creek) 

Drinking Water 
& Recreation 
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Jbpartmcni of Jfortural ^Resources 

ENVIRONMENTAL PROTECTION DIVISION 


Chattahoochee River Atlanta (Peachtree Creek) to Cedar Fishing* 

Creek 

♦Condition: Specific Criteria apply at all times when the River flow measured at a 
point immediately upstream from Peachtree Creek equals or exceeds 750 cfs (Atlanta 
gage flow minus Atlanta water supply withdrawal) unless violations occur due to 
uncontrolled urban storm run off and/or combined sewer overflows. 


Chattahoochee River 

Cedar Creek to Franklin, Georgia 
(U.S. Hwy 27) 

Fishing 

Chattahoochee River 

U.S. Hwy 27 Bridge at Franklin 
to West Point Dam 

Recreation 

Chattahoochee River 

West Point Dam to West Point Mfg. 
Company Water Intake 

Drinking Water 

Chattahoochee River 

West Point Mfg. Company Water Intake 
to Osanlppa Creek 

Fishing 

Chattahoochee River 

Osanippa Creek to Columbus, Georgia 
(14th Street Bridge) 

Recreation 
Drinking Water 

Chattahoochee River 

Columbus, Georgia (14th Street 

Bridge) to Cowikee Creek 

Fishing 

Chattahoochee River 

Cowikee Creek to Great Southern 

Division of Great Northern Paper 
Company 

Recreation 

Chattahoochee River 

Great Southern Division of Great 
Northern Paper Company to Georgia 
Highway 91 (Neal’s Landing) 

Fishing 

Chattahoochee River 

Georgia Highway 91 (Neal's Landing) 
to Jim Woodruff Dam 

Recreation 

Flat Creek 

Headwaters in Gainesville to 
Chattahoochee River 

Urban 

Sope Creek 

Headwaters in Marietta to 

Chattahoochee River 

Urban 

Rottenwood Creek 

Headwaters in Marietta to 

Chattahoochee River 

Urban 

Mlckajack Creek 

Headwaters in Marietta to 

Chattahoochee River 

Urban 

Peachtree Creek 
(and its tributaries) 

Headwaters to Chattahoochee River 

Urban 
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Proctor Creek 


Headwaters in Atlanta to 
Chattahoochee River 


Sandy Creek 


Headwaters in Atlanta to 
Chattahoochee River 


tltoy Creek 


Headwaters in East Point .to 
Chattahoochee River 


01ley Creek 


Headwaters in Marietta to 
Sweetwater Creek 


TALLAPOOSA RIVER BASIN 
Tallapoosa River 
Tallapoosa River 


Little Tallapoosa River 


Little Tallapoosa River 


Headwaters to Georgia Highway 100 

Georgia Highway 100 to Georgia- 
Alabama State Line 

Headwaters to SCS Dam No. 36 
(Carrollton Raw Water Intake) 

SCS Dam No. 36 (Carrollton Raw 
Water Intake) to Georgia-Alabama 
State Line. 


CLASSIFICATION 
Dr in’ ing Water 
Fishing 


Drinking Water 


Fishing 


COOSA RIVER BASIN 
Conasauga River 


Conasauga River 


Ellljay River 
Ellijay River 

Cartecay River 
Cartecay River 


Coosawattee River 


Coosawattee River 


Georgia Highway 2 to Dalton Water 
Intake 

Dalton Water Intake to confluence 
with Coosawattee River 

Headwaters to Ellijay Wate*- Intake 

Ellijay Water Intake to confluence 
with Cartecay River 

Headwaters to Ellijay Water Intake 

Ellijay Water Intake to confluence 
with Ellijay River 

From confluence of Ellijay and 
Cartecay Rivers to confluence with 
Mountaintown Creek 

Confluence of Mountaintown Creek 
to Carters Dam 


CLASSIFICATION 
Drinking Water 


Fishing 


Drinking Water 
Fishing 


Drinking Water 
Fishing 


Fishing 


Recreation 


Coosawattee River 


Carters Dam to confluence with 
Conasauga River 
G-28 


Fishing 
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Oostanaula River 

Confluence of Conasauga and 
Coosawattee Rivers to Calhoun 

Water Intake 

Drinking Water 

Oostanaula River 

Calhoun Water Intake to confluence 
with Armuchee Creek 

Fishing 

Oostanaula River 

Confluence with Armuchee Creek to 

Rome Water Intake 

Drinking Water 

Oostanaula River 

Rome Water Intake to confluence 
with Etowah River 

Fishing 

Etowah River 

Headwaters to State Route 2551 

Fishing 

Etowah River 

State Route 2551 to Canton 

Water Intake 

Drinking Water 

Etowah River 

Canton Water Intake to Georqia 

Highway 20 

Fishing 

Etowah River 

Etowah River 

6eorgia Highway 20 to Allatoona Dam 

Allatoona Dam to Cartersville 

Water Intake 

Recreation 
Drinking Water 

Drinking Water 

Etowah River 

Cartersville Water Intake to 
:onfluence with Oostanaula River 

Fishing 

Coosa River 

Rome - confluence of Oostanaula and 
Etowah Rivers to Georgia-Alabama 

State Line 

Fishing 

Coosa River 

Alabama State Line 

Recreation 

Chattooga River 

Headwaters to Georgia-Alabama 

State Line 

Fishing 

Hill Cr.eek 

Headwaters to Dalton Water Supply 

Drinking Water 

Mill Creek 

Dalton Water Supply to confluence 
with Coahulla Creek 

Urban 

Drowning Bear Creel 

From confluence with Tar Creek 
in Dalton to Conasauga River 

Urban 

Silver Creek 

Headwaters to confluence with 

Etowah River near Rome 

Urban 

City Creek 

Headwaters to confluence with 

Chattooga Creek at LaFayette 

Urban 
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ENVIRONMENTAL PROTECTION DIVISION 


UHHCSSEE RIVER BASIN CLASSIFICATION 


Little Tennessee River 

Headwaters to Georgia-North 

Carolina State Line 

Fishing 

Hlawassee River 
(Including Lake 

Chatuge) 

Headwaters to Georgia-North Carolina 
State Line 

Recreation 

Nottely River 

Headwaters to Georgia-North Carolina 
State Line 

Recreation 

Toccoa River 
(including Lake 

Blue Ridge) 

Headwaters to Georgia-Tennessee 

State Line 

Recreation 

South Chickamauga 

Creek 

Headwaters to Georgia-Tennessee 
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APPENDIX H 


CHATTAHOOCHEE RIVER COMPARATIVE MODEL 
STUDY USING DOSAG II AND WQRRS 

by t 
Ken Iceman 


I. INTRODUCTION 

An Integral part of the Chattahoochee River Study conducted by HEC 
for the Savannah District and WES was the comparison of the WQRRS water 
quality model (1) and the present version of DOSAG II (2). The DOSAG II 
model operates in a steady-state hydraulic mode with a temporal accounting 
of the B0D g and dissolved oxygen (DO) stream concentrations subject to 
their interdependencies, external loadings, and reaeration. 

In an effort to operate the WQRRS model in the same hydraulic mode 
as DOSAG II, the program was executed for several days with constant 
tributary flow* until a steady state condition was observed for the 
temperature, B0D g , and DO. A simulation period of six to eight days was 
sufficient to attain this condition in all reaches. When these para¬ 
meters remained constant for two or more days, the results were com¬ 
pared and plotted on figure H-l along with the DOSAG II concentration 
profiles over the reach length. 

Through this demonstration problem of the WQRRS water quality model, 
the ability to produce similar profiles to those of the DOSAG II model 
for B0D g and dissolved oxygen Is shown. Where deviations do exist, an 
effort is made to point out some technical model differences which can explai 
these variances and should be judged accordingly. 

It is suggested, by way of these comparisons, that the WQRRS water 
quality model has the ability to predict the B0D g and dissolved oxygen 
with similar results to DOSAG II, as well as having the flexibility of 
modeling additional water quality parameters. With time dependent flows. 


*Ken Iceman, Research Hydraulic Engineer, The Hydrologic Engineering Center. 



a dynamic simulation state can be achieved with the WQRRS model for all 
constituents In addition to the steady-state method of operation, as 
noted previously. 


II. IMPORTANT TECHNICAL MODEL DIFFERENCES 
Geometry 

The WORRS computer model requires as Input a distribution of the 
cross-section characteristics of each subreach along with the associated 
hydraulic radius. Mannings n factor and elevation. These data, in 
conjunction with a Muskingum routing procedure, are used In the deter¬ 
mination of flow throuqh the river system. Due to this method of 
computing flows and velocities from channel geometry and characteristics, 
the velocities are generally different than those computed from the 
emolrical exponential relation used by DOSAG II. 

These variances In velocity can slqnlficantly alter the reaeration 
contribution to the DO concentration through the dependence of the 
reaeration coefficient on velocity. This is elaborated upon later In the 
discussion about reaeration. 

Heat Budget and Temperature 

The WORRS model uses a complete heat budget analysis Incorporating 
such variables as weather conditions, short and lonq wave radiation, 
cloudiness, sun angle, latitude, longitude, and atmospheric turbidity. 
These parameters may be Input as variable or constant throughout the 
simulation period, depending on desired accuracy and availability of 
adequate Information. The DOSAG II model accounts for temperature 
variation through measured basin data durlnq the study period. Tributary 
Inputs and fluctuations over the day and month are Incorporated In the 
data reduction methods used to obtain the stretch basin parameters. 

Once these temperatures and quality parameters are reduced for the DOSAG 
II model, they remain constant throughout each stretch, which may contain 
one or more tributary Inputs. 




An effort was made In preparing the Input data to the WQRRS model 
to delineate each Inflow temperature for every stream reach. This was 
accomplished either throuqh communications with data collection agencies 
In Georgia or from the DOSAG II Input descriptions sent to HEC by the 
EPD (Environmental Protection Division - Georgia, State Department of 
Natural Resources). 

As a result of the discretization of load quality parameters and the 
Incorporation of a complete heat budget, the temperatures computed In the 
study area take on different and slightly higher values than those 
Indicated In the DOSAG II results. The sliqht variations In temperature 
seldom exceed two or three degrees centigrade and, therefore, may account 
for only minor changes In quality. Never the less, the contribution to 
the water quality through temperature changes as a function of time should 
be acknowledged, and will affect the exact comparability of model results. 

Reaeratlon 

The method of determining the reaeratlon coefficient K ? in DOSAG IT 
for this portion of the Chattahoochee River is through the expression: 

K, - c(£4 

where both c and Ah are input values by reach segments and are described 
as the constant of proportionality and change in water surface elevation 
respectively. The travel time, t^, and reaeratlon coefficient, within 
each reach segment are computed Internally by DOSAG II. 

In the WQRRS development, the method of calculating is left up 
to the individual user. Although a complete sensitivity analysis on the 
f <2 calculation was not performed, It was concluded by experimentation 
with the various methods on Reach 1 that the O'Conner and Dobbins expression 
for would result In DO concentration profiles most similar to the 
DOSAG II method. Exact values of were not used from DOSAG II since 
the computation of velocity was different between the two models. 




The different methods used for the calculation of Kg In DOSAG II 
and WQRRS models lead to some descrepancles In concentration profiles. 

If the values of velocities throughout the study area are Investigated, 

It Is seen that the concentration profiles of DO deviate In places where 
the velocities have the greatest difference. This Is consistent with the 
alternative methods of computing Kg In each model. 

III. COMPARISON OF RESULTS 

The concentration profiles of both dissolved oxygen and B0D 5 are 
seen In figure J-l to compare very well in response to tributary 
loading conditions over the study area. 

The greatest variance of dissolved oxygen occurs between river 
miles 375 and 344 where the velocities computed by WQRRS were generally 
20 to 100 percent greater than those computed in DOSAG II. This velocity 
variation, along with the method of computing Kg In the WQRRS model, 
would definitely Imply higher values of DO. 

A run of Reach 6 (river miles 366 to 340) was made using the exact 
values of Kg, as computed through the DOSAG II equation Kg = c(|^-). 

Although these values had to be Interpolated at a few points because of 
our differing river mile delineations, the main concept of using the 
DOSAG II Kg values was Incorporated. More importantly, the direct dependence 
on velocity was eliminated. The results showed the DO concentrations in 
Reach 6 nearly 1.5 mg/1 less than when Kg was computed by the O’Conner 
and Dobbins methods. This demonstrated that the differing velocities 
between the two models was a significant contributor to the descrepancles 
noted In the DO profiles given by the WQRRS method of calculating Kg. 

The BOD concentration profiles show very similar responses throughout 
the study area. Where the R.M. Clayton sewage treatment plant discharges 
to the Chattahoochee, the BOD concentrations vary the most. This Is due. 

In part, to the method of decay used In the WQRRS model where both 






nltrogeneous and carbonaceous BOD are decayed simultaneously and at the 
same rate when use Is not being made of the nitrogen cycle portions of 
the MQRRS logic. In DOSAG II, the decay can be split between carbona¬ 
ceous and nitrogenous BOD, as well as at different rates. Since only 
carbonaceous BOD Is decayed In DOSAG II until downstream of R.M. Clayton, 
the DOSAG II model would be expected to experience a more amplified 
loading than the WQRRS model. Downstream of the R.M. Clayton plant 
where both nitrogenous and carbonaceous BODg are decayed In DOSAG II, 
we see a much greater similarity of profiles. In upstream reaches the 
agreement Is quite good, but there is very little BOD available. 

It Is from this figure, H-l, which shows a complete concentration 
profile comparison plot for both dissolved oxygen and BOD,. (C + N), 
and the previously mentioned model differences, that the resulting 
conclusions have been derived. 

IV. CONCLUSIONS 

The results of the WQRRS model have been demonstrated to compare 
adequately with the DOSAG II program results. The additional capabilities 
of dynamic hydraulic computation and complete heat budget analysis give 
a greater degree of flexibility and completeness In water quality studies 
of rivers. Any discrepancies present In concentration profiles throughout 
the study area can be adequately explained by references to the technical 
model differences. It is with this knowledge and understanding, determined 
In the Chattahoochee River study, that HEC reconmends the use of the WQRRS 
water quality model for future studies of river systems which require 
dynamic analysis. 

References: 

1) "Flow Routing and Water Quality Simulation for River-Reservoir Systems," 
Resource Management Associates, Lafayette, California, 1975. 

2) "DOSAG II Computer Model," Georgia State Department of Natural Resources, 
Environmental Protection. Division, Atlanta, Georgia. 
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125 

156 

186 

217 | 248 

278 

309 

3' V 


6 

006 

037 

065 

096 

126 

157 

187 

218 

249 

279 

310 

340 


7 

007 

038 

066 

097 

127 

1 58 

188 

2)9 

250 

280 

31 1 

34 1 


8 

008 

039 

067 

098 

128 

159 

189 

220 

251 

281 

3 i 2 

342 

O 

9 

009 

0 

_ 

068 

099 

129 

160 

190 

221 

252 

282 

313 

343 

9 

10 

010 

04 1 

069 

100 

130 

161 

191 

222 

253 

283 314 

"'.4 4 


1 1 

011 

042 

070 

101 

131 

162 

192 

223 

254 

284 

3 S 

34 5 


12 

012 

043 

071 

102 

132 

163 

193 

224 

255 

285 

316 

3~6 

4i 

13 

013 

044 

072 

103 

133 

164 

194 

225 

256 

286 

317 

347 

J 

14 

014 

045 

073 

104 

134 

tm 

B9 


257 

287 

318 

348 

4* 

15 


046 

074 

105 


m 

m 

227 

258 

288 

319 

IS 

KM 

■9 


047 

075 

106 

136 

167 

197 

228 

259 

289 

320 

m 

El 



048 

076 

107 

137 

168 

S| 


H39 

290 

321 

351 


! 18 

018 

049 

077 


EX 

169 




291 

322 

352 

18 

19 


050 

078 

109 

m 

170 

200 

231 

262 

292 

323 

353 

— 

\9 

20 

020 



110 

140 

171 

201 

232 

263 



354 

20 

m 

021 

052 



BE 


202 



294 

325 

355 2. 

22 

022 

053 

081 

112 

142 

173 

203 

234 

265 

295 

326 

356 

— 

22 

23 

023 

054 

082 

113 

143 

174 

204 

235 

266 

296 

327 

357 

23 

L_2£_ 

024 

055 

083 

114 

144 

175 

205 

236 

267 

297 

328 

358 

24 

25 

025 

056 

084 

115 

145 

176 

206 

237 

268 



359 

25 

26 

026 

057 

085 

116 

146 

177 

207 

238 

269 

299 

330 

360 

26 

27 

027 

058 

086 

1 17 

147 

178 

208 

239 

270 

300 

331 

3o. 

27 

28 

028 

059 

087 

118 

148 

179 

209 

240 

271 

301 

332 

362 

28 

29 

029 


088 

119 

149 

180 

210 

241 

272 

302 

333 

363 

29 

30 

030 


089 

120 

150 

181 

211 

242 

273 

303 

334 

364 

30 

31 

031 


090 


151 


212 

243 


304 


365 

3) 


FOR LEAP YEAR USE REVERSE SIDE 

J-l 



























































































































































JULIAN DATE CALENDAR 

FOR LEAP YEARS ONLY 




iQo 139 


1!0 MO 




142 

113 

143 

IBB 

144 

115 

145 

1IBMC1 

117 

147 

118 

148 

119 

149 

120 

150 

121 

151 

||. | 

152 


June I July Aug Sep 


183 2M 245 


246 


216 247 


186 


187 218 | 249 


188 


159 189 220 251 


160 190 221 252 


161 191 222 253 


162 192 223 254 


163 193 224 255 


164 194 225 256 


165 195 226 257 


166 196 227 258 


67 1 97 228 259 

68 198 229 260 


169 199 230 261 


170 200 23 


171 201 ! 232 


202 233 264 


265 


204 

235 

205 

236 

206 

237 

207 

238 

208 

239 

209 

240 

210 

241 

211 

242 

212 

243 

213 

244 


Oct 

Nov 

Dec 

275 

306 

336 

276 

307 

337 

277 

308 

338 

278 

309 

339 

279 

310 

340 

280 

311 

341 

281 

312 

342 

282 

313 

343 

283 

314 

344 

284 

315 

345 

285 

316 

346 

286 

317 

347 

287 

318 

348 

288 

319 

349 

289 

320 

350 

290 

321 

351 

291 

322 

352 

292 

323 

353 

293 

324 

354 

294 

325 

355 

295 

326 

356 

296 

327 

357 

297 

328 

358 

298 

329 

359 

299 

330 

360 

300 

331 

361 

301 

332 

362 

302 

333 

363 

303 

334 

364 

304 

335 

365 

305 


366 


(USE IN 1964, 1968, 1972, etc.) 


•PO IM4 O-HMW 


J-2 





































































































































































































































































































































